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SUMMARY 
Metabolic rate and the proportion of carbohydrate, fat and protein 
oxidised at rest and during exercise were established in lean large eaters 
consuming 12843 + 1888 kJ per day and lean small eaters consuming 
7090 +1568 kJ per day. Ther average resting metabolic rate in the lean large 
eaters was 330 + 47 ml oxygen/min. and in the lean small eaters was 
285 + 54 ml oxygen/min. The average exercise metabolic rate in the lean 
large eaters was 1269 + 94 ml oxygen/min and in the lean small eaters was 
1253 + 102 ml oxygen/min. 
In another group of lean large and small eaters, the average post 
prandial metabolic rate in lean large eaters consuming on average 
13875 + 1562 kJ/day was 314 + 45 ml oxygen/min and in lean small eaters 
consuming 6372 + 1691 kJ/day was 278 + 40 ml oxygen/min. 24 hr energy 
expenditure in lean large eaters consuming on average 13005 ± 2004 kJ/day 
was 10191 + 34 kJ/day, and in lean small eaters consuming on average 
7529 + 2228 kJ/day was 7156 + 461 kJ/day. 
However, none of these differences were statistically significant 
because of wide individual variation and the relatively small number of 
subjects. 
The adaptation of metabolic rate to a restricted energy intake was 
investigated in a group of obese women and a group of obese diabetic women. 
In the obese women, low metabolic rate observed during food restriction was 
associated with low nitrogen excretion. Long term metabolic rate 
measurements (up to 17 weeks) in the obese women who had lost weight 
indicated that metabolic rate was restored to previous values once feeding 
had commenced. Clinical studies indicated weight loss was achieved in the 
obese women without any damage to their health and there was a lowering of 
blood glucose levels in the obese diabetic women. 
A survey of 855 very low calorie diet (VLCD) users with relatively little 
clinical contact but helped by lay personnel confirmed the earlier clinical 
study that weight loss can readily be achieved by using a VLCD and that 
weight maintenance for up to a year was good probably because of the 
improved dietary behaviour as reported by the dieters. The proportion of 
dieters suffering from side-effects, such as halitosis, postural hypotension, 
constipation, weakness, hunger and headache were established, these side- 
effects were not regarded as serious by most dieters. 88% claimed to feel 
well while on the diet and 71% claimed an Improvement in their health, while 
2.8% consulted their doctor for symptoms which arose while they were on the 
diet. 
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1.0 Introduction 
The first law of thermodynamics, which is the law of conservation of energy, 
holds that any system in a given condition contains a definite quantity of energy. 
When the system undergoes a change, any gain or loss of its internal energy is equal 
to the loss or gain in the energy surrounding the system. Energy which represents 
the capacity of a system to perform work, can appear in many forms (e. g. electrical, 
mechanical, light, chemical) but all these can be completely converted to heat. 
The study of the body's input and output of energy is the application of this 
law to biological system and it is called the energy balance of metabolism. The 
relationship between energy Input and expenditure Is shown In the energy balance 
equation below: - 
Energy Input = Energy Expenditure +A Energy Stored 
The energy input is the energy intake which means the metabolisable energy of the 
food. When food is ingested which Is then oxidised by the body, the amount of 
energy contained in a given food can be determined by burning a small sample and 
measuring the heat liberated. The total amount of heat liberated represents the 
heat of the combustion, or the 'gross energy' of the food as it is eaten. Not all the 
gross energy is available to the body as some energy is lost in the faeces, deduction 
of this loss from the gross energy gives the digestable energy. Furthermore, energy 
is lost in the urine and is not available for metabolism, deducting this from 
digestable energy leaves the metabolisable energy. Hence, 
Metabolisable energy = Gross energy - Energy losses in the faeces and urine. 
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The 'energy expenditure' is the total heat output of a subject including the 
equivalent heat of water vaporised. If energy intake of a subject equals energy 
expenditure, the subject is in energy balance and energy stores remain constant. If 
intake exceeds intake, the subject is in positive balance and if expenditure exceeds 
output, is in negative balance. The concept of a subject in energy balance is a 
theoretical abstraction, since in any subject, the state of balance varies from 
minute to minute. The simplicity of the energy balance equation is deceptive 
because it obscures a highly complex series of inter-relationships which, although 
not fully understood, determines whether an individual will be lean or obese. 
The regulation of energy balance in man must take into consideration the 
regulation of both energy intake and energy expenditure. Consideration of the role 
of food intake in energy balance regulation raises two questions, first whether the 
level of intake is a major determinant of body energy content and secondly, whether 
it is an important controlling factor. It is well known that overeating leads to gain 
in weight and also weight loss can be achieved by reduction in energy intake, even 
so, the greater the extent of these manipulations the more certain the result. Thus 
when no food is eaten loss of weight is very certain while massive increases in food 
intake will inevitably result in increases in body energy content. However, it is not 
always possible to predict the effects of moderate changes in intake on body weight 
(Stock and Rothwell, 1982). Energy intake-is an important determinant of energy 
balance and body weight, but it is not the only factor and in some circumstances 
expenditure may have a greater influence, on energy balance. Sims at al (1968) 
carried out overfeeding studies on volunteer prisoners who were fed 50 - 100 per 
cent more than habitual intakes and this resulted Initially in quite rapid weight 
gains, which varied between individuals. In many cases a plateau was eventually 
reached after several weeks when volunteers found it very difficult to gain further 
weight. At this stage many subjects were maintaining a constant body weight on 
intakes as high as 30,000 kJ (7000 kcal) per day. 
4 
1.1 Energy intake 
From all available data, the control of energy intake in man Is poor. Ashworth 
(1962) has demonstrated that there is no sensitive physiological mechanisms for the 
control of energy intake in man. Booth et al (1976) have demonstrated that In man 
satiety is a learned response Nisbett (1968) and Schacter (1968) were able to show 
that many nutritionally Irrelevant ' factors like the supposed time of day, or anxiety 
about receiving an electric shock affected food Intake of their subjects. 
Although models and hypotheses on control of energy Intake have been 
proposed which seem to work for rats, no one model or control has been agreed on 
for man. The reason for this is obvious, many factors have been shown to affect 
energy Intake In man, these Include social pressure, illness, gastronomy and 
upbringing. Research on the control of food Intake In man has proven very difficult 
to-undertake largely because habitual Intake is not easy to measure and because the 
intake Is often altered by the experiments themselves. Much of the work carried 
out on man has been with short-term hunger and satiety mechanisms and has made 
use of techniques such as speeded-up clocks, meal and pre-meal snacks of disguised 
energy content, and subjective ratings of hunger and satiety. The Information 
gained from these studies tells us a lot about man's eating behaviour, but it does not 
help us understand what impact this has on energy balance regulation, which Is a 
long-term mechanism. ' One cannot but refer to Garrow (1978) when he wrote "There 
is no shortage of factors which can be shown to influence food Intake in one model 
or another" Hence, the control of energy Intake In man up till now is rather poor 
and complex. 
1.2 Energy expenditure 
As far as energy balance Is concerned, though energy Intake control may have 
a part to play, more Important however, Is energy expenditure. Miller et al (1975) 
, established that resistance to slimming can be associated with a low metabolic rate. 
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Twenty-nine women who claimed that they could not lose weight were put on a 
prescribed diet of 6300 kJ (1500 kcal) per day for three weeks. Despite this low 
energy intake level, nine of these women were found to maintain their body weight 
and this is probably an indication of the fact that their overall metabolic rate was 
depressed. These observations have been seen in many starvation studies where 
energy restriction to subjects led to a decreased basal metabolic rate. Grande, et al 
(1958), Mitchell, (1962). 
Basal metabolic rate and resting metabolic rate 
Energy expenditure in man is affected by many factors which include bodysize, 
environmental temperature, activity and food. In this review, only the effect of 
food on energy expenditure will be discussed in detail. In order to standardise 
energy expenditure, factors like basal metabolic rate (BMR) and resting metabolic 
rate (RMR) are used. A group under Boothby at the Mayo Clinic in the 1920s 
performed a vast number of determinations of what they termed "basal metabolic 
rate". Garrow (1978) has suggested that BMR can be defined as the energy output of 
an individual under standardised resting condition : bodily and mentally at rest, 12- 
18 hours after a meal In a neutral thermal environment. In practice, it is far more 
difficult, to achieve, the conditions of basal metabolism than it is to define them. 
Easier 
,. and more practical to use is the resting metabolic rate, which, as Garrow 
(1978) suggests is measured 2-4 hours after a light breakfast. RMR can be measured 
easily as long as the conditions are standardised and stated. RMR rather than BMR 
can be easily used as a measure of the rate of energy expenditure in the body and 
any increase in RMR obviously means an increase in the rate of energy expenditure 
in the body. 
The use of RMR as a measure of energy expenditure has helped greatly in the 
study of thermogenesis and the mechanisms Involved in it. 
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1.3 Dietary-induced thermogenesis 
Thermogenesis may be due to food, drug, cold and psychological factors. The 
increase in heat production that occurs when environmental temperature drops 
below the lower critical temperature results from two different types of metabolic 
process. These are 'shivering' and 'non-shivering' thermogenesis. Shivering is due to 
acute exposure to cold while non-shivering thermogenesis is due to a chronic cold 
exposure. Dietary induced thermogenesis (DIT) is increased heat production due to 
eating. It has now been established that DIT has both short and long term effects. 
The short term is called "thermic effect food" (previously and in some cases called 
"specific dynamic action") (SDA) while the long term is known as 
"luxusconsumption". 
The concept of DIT started at the beginning of this century. The first mention 
of the term "luxusconsumption" was made by Neumann (1902). He showed that his 
own body weight was essentially constant for each of three periods of one year 
despite mean daily energy intakes of either 7414 kJ (1766 kcal), 9235 kJ (2199 kcal) 
or 10,100 kJ (2403 kcal). He proposed that the difference between consumption and 
needs was directly oxidised and dissipated as heat. The work was repeated by Gulick 
(1922). In addition to taking note of his weight, Gulick provided an account of his 
physical activity and other relevant Information. Both Neumann and Gulick showed 
that though weight changes may occur Initially in response to changes in regimen, 
but that such gains constitute only a small proportion of the extra food consumed 
during the total length of the experiment. 
Specific dynamic action 
The concept of 'specific dynamic action' was based on the work of Professor 
Max Rubner in 1902. In his treatise on the laws governing energy balance, he 
showed that when a dog was maintained in a neutral thermal environment in a 
calorimeter the heat production varied accordingly to the nature of the diet. In one 
experiment which lasted for 39 days the heat production of a dog (in calories per 
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kilogram body weight per day) was highest on those days when meat was fed, less 
high on a fat diet, still less on sugar. In view of the naturally carnivorous nature of 
dogs, this result might as well be Interpreted as meaning that the dog felt livelier 
and was more physically active on the day it was fed meat. The fact that the 
activity of the dog was limited by confinement in a calorimeter does not invalidate 
this interpretation (Garrow, 1974). Since the days of Rubner, many experiments 
demonstrating SDA in man have been carried out. Macdonald and Sharief, (1982), 
Pittet at al, (1976). SDA appeared to be related to the composition of food, on the 
other hand, luxusconsumption Is a long term effect related to nutritional status. For 
reasons discussed later, SDA will be referred to as the thermic effect 'of food (TEF) 
in this thesis. 
Figure 1. Thermic effect of food and luxusconsumption 
- taken from Luxusconsumption, Miller and Mumford, (1973). 
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Experiments on thermic effect of food 
The total effect of DIT (le. TEF and Luxusconsumption) on energy balance can 
also be seen in Figure 1. The increase in energy intake is compensated for by the 
increased heat production due to DIT, thereby achieving energy balance on the long 
term. TEF (a short term DIT) is the effect on resting metabolic rate of a particular 
meal, which is maximal within about an hour of that meal and has virtually 
disappeared by four hours after the meal. Basal metabolic rate has been shown to 
decrease during undernutrition (Hellberg 1949, Johnston et al 1936, Keys et al, 1950 
and Apfelbaum et al, 1971), but there is conflicting evidence for an increase in basal 
metabolic rate after a period of overeating. Strong at al (1967) and Miller et al 
(1967) were unable to show any rise in basal metabolic rate. 
Since the days of Rubner and Newmann many experiments have been carried 
out on TEF and luxusconcumption. Rubner concluded that TEF was 'specific' for 
protein (hence the term SDA). However, Garrow and Hawes (1972) later showed 
that TEF was not specific for protein when they concluded "Our results may be 
interpreted as showing that in normal human adults, after a non-protein meal, (i. e. 
when amino acid oxidation and urea formation are not involved) there is a 
quantitatively similar 'non-specific' dynamic action". Other workers have shown 
that nutrients other than protein (i. e. carbohydrate and fat) exhibit DIT. Since then, 
the term "thermic effect of food" has been'used instead of SDA. 
Other experiments carried out to demonstrate TEF Include that of Macdonald 
and Sharief (1982). They Investigated the thermic effect of sucrose and glucose in 
man. Six healthy male subjects and five overweight subjects were used. Each 
subject after a 14 hour overnight fast was given sucrose, glucose or distilled water 
in random order. The metabolic rate was calculated from oxygen consumption and 
respiratory quotient. The results they obtained showed that (a) thermic effect of 
food occurred immediately after ingestion of both glucose and sucrose, and (b) that 
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Thermic effect of food - taken from "DIT In various carbohydrates" 
by Nawfat, Sharief and Macdonald (1982) .0 
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in the first hours, difference in TEF between the two carbohydrates were evident, 
the increase being greater after sucrose. In normal weight subjects, the total TEF 
was significantly greater after sucrose than after glucose (P<0.005) but the 
difference between sucrose and glucose was much less in the obese subjects (see 
Figures 2 and 3). The higher thermic effect of sucrose than glucose may be due to 
the energy released from hydrolysis of sucrose to glucose and fructose (Benedict and 
Capenter, 1918). It was suggested that hydrolysis of sucrose may not be the only 
reason for the difference (Jackson and Davis, 1977) and the thermic effect of 
various carbohydrates may be due to different metabolic pathways as suggested by 
different respiratory quotient (RO) patterns (Higgins, 1916; Cathcart et al, 1927) as 
well as by different uric acid, lactate and pyruvate levels in the blood after 
ingestion of various carbohydrates (Macdonald and Keyser, 1978). 
It is interesting to note that the metabolic rate after sucrose and after glucose 
in the overweight subjects' was not significantly different from that after the 
corresponding carbohydrate in normal weight subjects. This the workers attributed 
to the fact that the obese subjects used were In 'static' phase of obesity. Studies on 
the effect of long chain triglycerides (LCT) and middle chain triglyceride (MCT) on 
rats have also shown both to exhibit TEF with MCT having greater TEF than LCT 
(Braco, et al, 1982) 
Pittet et al, (1976) have demonstrated also, the thermic effect of glucose in 10 
control and 11 obese female subjects. The subjects had an overnight 12 hour fast 
and were allowed to rest for one hour in a constant temperature room before 
measurements were made. Fasting measurements were taken and later subjects 
were given an oral dose of 50 g glucose followed by, 150 minutes of measurements. 
It was observed that after the glucose load, metabolic rate increased by 13.0 + 1.5% 
and 5.2 + 1.3% In the control and obese group respectively. A 16% Increase in RMR 
in response to 100g of glucose meal in anorectic patients has been reported by 
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Stordy et al, (1977). An 11% Increase In metabolic rate was also observed by Gomez 
et al, (1972) during three hours after a 100g glucose meal. 
It is often claimed that there are obese patients who find it hard to maintain a 
normal body weight because they have such low energy requirement such that even 
normal intakes of energy result in weight gain and obesity. An individual variability 
In the capacity to dissipate heat by metabolic changes has been suggested but no 
physiological basis for the difference In thermogenesis has been established (Miller, 
1974). The metabolic capacity for thermogenesis was tested by infusing 
noralderenaline intravenously In a dose related to the Ideal body weight. James et 
al (1979) using the above method tested the thermogenic responses in obese and post 
obese (now lean) women with lean women (with no history of obesity) serving as 
control. They obtained a striking result. It was observed that Immediately on 
starting the Infusion of noraldrenaline, the RMR increased and remained at near 
plateau levels for the duration of the Infusion (see Figure 4). 
Figure 4: Reduced Thermo enesis In Obesity 
- James et al 1979 
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The rise in RMR in lean group was striking, amounting to an Increase of 21.2%. 
In both the obese and post obese subjects, however, the rise in RMR was only half 
that seen In the lean subjects that is 9.6%. No Increase was noticed In the plasma 
adrenaline levels of the subjects during Infusion Indicating that stress played no part 
In the thermogenic differences. This study showed a reduced thermogenic potential 
on the part of obese people. 
The factors responsible for the thermic effect of food have been linked to the 
biochemical pathways Involved In their metabolism. These pathways are different 
for protein, fat and carbohydrate, and particularly so for protein because Its 
oxidation is more complicated, It Involves prior conversion to glucose, glucogenic or 
ketogenic substrates, and the formation of urea. This means that more energy is 
required to produce the equivalent amount of ATP from protein than from fat or 
carbohydrate. For example 9% of the ATP formed from the oxidation of fat or 
carbohydrate is actually required to absorb, transport and process the nutrients prior 
to oxidation, but for protein the same processes require about 20% of the ATP 
formed (Stock and Rothwell, 1982). Part of the "thermic effect of food" can be 
accounted for by the work necessary for the secretion of gastric juice (Passmore and 
Ritchie, 1957). 
Many theories were put forward In the past to explain the origins of TEF. 
They Include: 
(a) the amino acid oxidation theory - Krebs In 1964 
(b) the protein/caloric Imbalance theory - Hamilton 1939 
(c) The plethora theory and variant - Volt, 1881, Lusk, 1930 
(d) the protein synthesis theory - Ashworth, 1969 
Garrow (1974) later put all these theories to test and concluded that "The most 
plausible explanation Is that post-prandial heat production Is related to the 
acceleration of protein synthesis". He supported the protein synthesis theory put 
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forward by Ashworth, (1969). 
. 
The TEF normally. disappears after a time Interval of 2-4 hours after Ingestion 
of food. Though this short term DIT contributes to energy balance, it is far less 
Important than the long term effect of DIT or luxusconsumption (see Figure 1), 
evident In overfeeding. Miller and Mumford, (1973) defined luxusconsumption as "a 
phenomenon associated with overeating that results In an Increased heat 
production". It is not claimed that every Individual can achieve homeostasis in this 
way; indeed there would be no obesity if this were so. 
Overfeeding experiments and luxusconsumption 
In many overfeeding experiments that have been performed, workers have 
found that if weight gain occurred, the magnitude of weight gain was lower than 
that predicted by taking the energy cost of growth, the components of weight gain 
and the Increased energy cost of activity Into account, and this was not due to 
reduced digestibility of the diet (Miller and Mumford, 1973). The interpretation of 
these findings have caused the greatest controversy among workers in the field of 
energy balance, the arguments being centred around whether the diminished weight 
gain Is actually due to DIT or whether there Is an elusive factor resulting from other 
considerations and possibilities not taken Into account during experimental work. In 
view of the evidence for the existence of DIT, many theories have been put forward 
to explain Its metabolic origins as well as Its role In energy balance. One of the 
earliest Investigations of weight regulation during overnutrition was that of Gulick 
(1922). He recognised that there were individuals of easily fattening (obese) and 
difficult fattening (lean) types. This observation has been shown to be true (Stun 
Kard et al, 1986), Gulick thought he belonged to the 'lean' type and thus he 
embarked upon a series of experiments In which his weight change was related to 
dietary Intake. Over a period of 370 days, he raised his food Intake from 8290 kJ 
(1974 kcal) to 17270 kJ (4113 kcal) per day and demonstrated that he could maintain 
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weight at either 11550 kJ (2750 kcal), 13440 kJ (3200 kcal) or 14700 kJ (3500 kcal) 
per day. Also, weight was maintained for a short period at 17270 kJ (4113 kcal) per 
day. Gulick's experiment demonstrated the variability of the efficiency of food. 
conversion. He was, however, unable to determine his energy expenditure. 
Other reports of overfeeding in human subjects include that of Rose & 
Williams (1961) who studied large and small eaters whose energy intake ranged from 
6400 kJ (1600 kcal) to 31000 kJ (7400 kcal) and whose weight varied little over a 
period of some weeks. Within this group were pairs of individuals of the same 
weight and similar activity, one of whom was consuming three times the energy 
inake of the other. The study of Mann et, al (1955) is also interesting in that it 
indicates the time relationship of weight gain with excess feeding. Three volunteers 
doubled their energy intake from 12.6 MJ_ (3000 kcal) to 25.3 MJ (6000 kcal) per day 
over 35 days but maintained constant weight by vigorous exercise. However, when 
subjects stopped exercise for 20 days but still continued overeating, they gained a 
weight of 4.7 kg during the first 10 days. This agrees with the calculated estimate 
of 5 kg. However, during the next 10 days, while the same energy excess was being 
taken, -the weight gain was not 5 kg but an average of 1.3 kg. Thus, had the 
experiment been stopped after 10 days, there would have been no evidence of DIT, 
but during the second half or 20 days period of overfeeding, It is very difficult to 
account for the disappearance of 126 MJ (30,000 kcal) with only a quarter of the 
expected weight gain unless some luxusconsumption is Invoked. 
Strong et al (1967) reported the result of overfeeding 16 subjects an average of 
6250 kJ (1490 kcal) per day for four days which is 17.1 MJ (4070 kcal) per day 
instead of 10.9 MJ (2580 kcal) per day which was calculated to be their requirement 
for energy balance. From the results it was observed that subjects gained weight 
which on average was 1690 g In the four days giving an energy value for the weight 
gain of 19 kJ (4.5 kcal) per g. They believed most of their subjects stored 
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carbohydrate rather than protein or fat. They concluded that "Neither fat not thin 
subjects have any mechanism immediately available for protection against the 
consequence of a short period of gluttony". The duration of this experiment was 
probably not long enough to demonstrate luxusconsumption. Passmore et al (1963) 
overfed two obese young women by about 29.4 MJ (7000 kcal) - 42 MJ (10,000 kcal) 
over a period of nine days. They gain 2.86 and 2.58 kg respectively so the energy 
value of weight was 10 kJ (2.5 kcal) and 17 kJ (4 kcal) per g. The conclusion arrived 
at . was 
that thermogenesis if any, was Insufficient to protect their subjects from 
weight gain (Garrow, 1974; Passmore at al, 1963). In view of new evidence this 
experiment by Passmore at al did little to disprove of DIT because it has now been 
shown that there is a reduced thermogenic potential on the part of the obese people 
(Pittet et al, 1976, James, 1979). 
Durnin et al (1980) reported their findings on overfeeding six men for six 
wpeks. Durnin concluded that "No evidence was found for the characteristic 
luxusconsumption - an increased elevation in metabolic rate above that associated 
with increased body size and tissue gain. Neither was there evidence that the 
increase in metabolic rate were of sufficient magnitude to prevent weight gain 
during the overfeeding experiment. The rate of weight gain at the start and end of 
the experiment were the same". This Implies that a constant rate of growth was 
obtained during the experiment, if there was DIT, the Initial weight gain would have 
been higher, as DIT was expected to be operative (after the first two weeks of the 
overfeeding experiment perhaps). Durnin reported that 2100 kJ (500 kcal) per day of 
energy intake was unaccounted for after substituting the energy balance equation, 
over 42 days of overfeeding experiment, 88200 kJ (21000 kcal) was unaccounted for. 
This amount of energy using Durnin's figures for cost of synthesis is enough to 
synthesise 1.8 kg of fat. However, he maintained that this energy unaccounted for 
was due to the long term nature of the experiments with associated cumulative 
errors in intake and expenditure estimations and the fact that protein and 
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carbohydrate were not considered but only fat gain. He attributed the increase in 
the metabolic rate of the subjects during overfeeding to the increased energy cost 
of synthesis and maintenance of the new tissues gained (or decreased efficiency of 
weight gain and maintenance). The fact that Durnin et al cannot explain why there 
was a loss of energy (88.2 MJ, 21000 kcal) enough to cause a weight gain of 1.8 kg of 
fat which is 30% of the mean total weight gained during the experiment renders his 
conclusion questionable. Perhaps the use of direct calorimetry in assessing energy 
balance studies during overfeeding would solve this case of "unexplained energy loss" 
which some workers attribute to experimental error. 
Workers who have demonstrated luxusconsumption believe that though 
experimental errors exist the magnitude assuming all to err against thermogenesis 
are still too small to account for their observations. 
For example, Miller & Mumford (1967) quote a 156.6 MJ (37300 kcal) excess in 
four weeks, theoretically producing a weight gain of 6.2 kg, actually producing a 
gain of 1.3 kg. They attributed, this to luxusconsumtpion. The role of 
luxusconsumption being that of elevating energy expenditure during overfeeding, 
hence the amount of energy stored which Is the difference between energy intake 
and expenditure is minimized. 
Further evidence. of diet induced thermogenesis comes from studies on 
experimental obesity by Sims et al (1968). The 'Vermont study' as it is later known, 
was carried out on volunteers In the Vermont State Prison. There were nine subjects 
aged 21-33 years. They found that subjects differ greatly In the amount of weight 
they gained for a given energy excess. Their first four subjects ate two to three 
times their normal intake for three to five months, but Increased in weight by only 
10-12% In this period. In a particular subject, luxusconsumption of some 9660 kJ 
(2300 kcal) was observed per day for a total intake of 29.4 MJ (7000 kcal) per day. 
17 
Studies were undertaken by Stock & Rothwell (1982) to establish how individuals 
differ in their response to overeating. In one study with University of London 
undergraduates, it was found that out of two girls (same age, weight and height) who 
had both eaten an excess of 175 MJ (42 Mcal) over four weeks, one gained only 0.6 
kg while the other gained 6 kg. Clearly, this experiment demonstrates the different 
thermogenic potentials of the subject concerned. 
It is not claimed that every individual can regulate energy balance by DIT, in 
fact, there would be no obesity If this were so. Miller & Mumford (1973) reported 
that they did not find any significant variations In the weight of 49 volunteers who 
consumed either their habitual food intake or an excess of at least 4.2 MJ (1000 
kcal) per day for eight weeks. The failure to gain weight on the part of the subjects 
cannot be accounted for by neither increased activity nor by fall in digestibility nor 
by changes in body composition. They attributed this observation to DIT. They also 
stated that the failure of this adaptive phenomenon may quickly lead to obesity. 
Garrow (1978) made a summary of the publications relevant to dietary-induced 
thermogenesis or luxusconsumptlon for the past 75 years - Table 1. All the studies 
involve experimental overfeeding of human volunteers, of which 57 were Initially 
lean and 23 were already obese before the overfeeding began. In every paper in 
which resting metabolic rate was made, It is reported to be raised during the 
overfeeding period, with a single exception of Glick et al (1977). Garrow (1978) 
observed that in those studies which provide evidence against any energy wasting 
mechanism during overfeeding, the dietary overload Is under 88,400 kJ (22 MCal) 
while the smallest overload with which luxusconsumption was seen is 96,600 kJ (23 
Mcal) fed to eight women studied by Apfelbaum et al (1971). 
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1.4 Biochemical Origins of dietary thermogenesis 
The origins of DIT have been associated with heat-producing mechanisms in 
the body which may be as a result of: 
(1) Changes in the flow of substrate along breakdown routes which 
generate different amounts of high energy phosphorylated products such 
as ATP or 
(2) Tissues altering their requirements for ATP by increasing or decreasing 
their biosynthetic or transport processes or the rates of recycling of 
substrates in exothermic reactions. 
Heat producing mechanisms as a result of (1) include uncoupling of oxidative 
phosphorylation, energetically wasteful cycles, poorly/non-phosphorylating 
pathways. Heat producing mechansisms as a result of (2) are Na"' pump activity and 
protein turnover. The relative contribution of these mechanisms to DIT at the 
moment is unknown. The evidence for the biochemical origins of DIT reviewed in 
this thesis has been derived from studies on experimental animals. 
Brown Adipose Tissue 
Some of these heat generating mechanisms are operative in the BAT. The role 
played by brown adipose tissue in DIT has only recently been widely investigated. 
There is now an Increasing evidence that modulation of BAT can exert an important 
role in preserving energy balance. Studies from roles of BAT in non-shivering 
thermogenesis (NST) have, shown that DIT and NST share the same mechanisms 
which include increases in food intake, metabolic rate, sympathetic activity, 
thermogenic and lipolytic responses to noraldrenaline (Rothwell and Stock, 1979). In 
addition, studies on the in vivo metabolic rate of various tissues have shown that all 
of the dietary induced changes in thermogenic capacity are due to an increased 
activity of brown adipose tissue. This means that biochemical and other 
investigation Into NST could be equally applicable to DIT. The role of brown adipose 
tissue in DIT in this review makes use of this assumption. 
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Brown adipose tissue Is highly specialised and is found most commonly in 
hibernating animals and the new born of certain species. This tissue has presumably 
been termed 'adipose tissue' on account of its high lipid content, but it is 
structurally, metabolically and functionally distinct from white adipose tissue. Most 
brown adipose tissue is localized in the dorsal part of the thorax under the shoulder 
blades, although there are often smaller amounts around adrenal and kidney regions. 
In body metabolism, some 90% of the heat released during oxidation of 
substrates like glucose and lactic acid takes place during the reaction mediated by 
the mitochondrial respiratory chain (Prusiner and Poe, 1968). Oxidation of reduced 
coenzymes by tightly coupled mitochondria results in the formation of Adenosine 
triphosphate from adenosine diphosphate and Inorganic phosphate and 25% of 
substrate enthalpy can be accounted for as heat conserved in formation of ATP 
(Stirling and Stock, 1973). Other thermogenic mechanisms possibly operative in 
brown adipose tissue as mentioned earlier are uncoupling of phosphorylation, 
energetically wasteful cycles and non/poorly phosphorylating pathways. In view of 
the importance of oxidative phosphorylation in ATP synthesis, it is reasonable to 
emphasize the potentially significant role uncoupling could play in raising heat 
production. A further argument for considering uncoupling in thermogenesis is Its 
effect on mitochondrial respiratory control. Oxidation of metabolites within the 
cell is normally limited by the availability of ADP and inorganic phosphate such that 
In a tightly coupled system, continuing oxidation depends on continuous utilisation of 
adenosine triphosphate (ATP). 
Uncoupling Oxidative Phosphorylation 
Uncoupling oxidative phosphorylation would result In Increased oxidation of 
reduced coenzymes by the respiratory chain with no net ATP Synthesis. It has been 
found that isolated mitochondria from brown adipose tissue normally converts much 
less Inorganic phosphate to ATP per mole of 02 consumed than those Isolated from 
21 
other tissues e. g. liver. This strongly suggests that phosphorylation is uncoupled 
from electron transport chain in mitochondria from brown adipose tissue. The 
effect of uncoupling action would be to prevent conservation of the energy released 
from electron transport during oxidation of fatty acids. Furthermore, uncoupling 
would lead to a decrease In the (ATP)/(ADP) ratio In the BAT cell and this could 
Increase the rate of the Krebs cycle and the rate of the electron transport chain. 
Consequently, mobilization of fatty acids within the brown adipose tissue cell could 
stimulate oxidative metabolism, respiration and ATP turnover as well as uncoupling 
oxidative phosphorylation. The uncoupling of BAT mitochondria is due to a protein 
conductance pathway in the inner mitochondrial membrane as shown in Figure 5. 
"The proton conductance pathway" taken from "Obesity & Leanness' (Rothwell & 
Stock, 1982). 
Figure 5: The Proton Conductance Pathway 
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The proton conductance pathway. The left side shows the events occurring in normal 'tightly coupled' mitochondria (eg liver), where protons are driven across the inner mites chondrial membrane but as they re-enter, drive the synthesis of ATP from ADP. In mites chondria from brown fat cells (right side) these protons can reenter via an alternative pathway associated with a specific protein (molecular weight, 32000) and thus respiration proceeds uncoupled to the synthesis of ATP 
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The Proton Conductance Pathway: (a) shows the event occurring in normal 'tightly 
coupled' mitochondria (e. g. liver) where protons are driven across the inner 
mitochondrial membrane but as they re-enter drive the synthesis of ATP from ADP. 
In (b) e. g. of mitochondria from BAT cells, those protons can re-enter via an 
alternative pathway associated with a specific protein (molecular weight 32000) and 
thus respiration proceeds uncoupled to the synthesis of ATP. 
The quantative role of uncoupling in thermogenesis is not known as other 
mechanisms which are equally thermogenic exist. 
Futile Cycles 
The BAT may also be involved in wasteful or "futile" cycles, many of the 
cycles may also operate outside the BAT. They include reactions involved in 
gluconeogenesis. In these reactions, the continual cycling of substrates through a 
series of synthetic and degredative reactions which have the same initial and final 
energy status is energy demanding and consequently results in heat production. The 
first three examples concern reactions involved in gluconeogenesis and are the 
recycling between 
(1) Glucose-6-phosphate and Glucose 
(2) Fructose 1,6 diphosphate and Fructose-6-phosphate 
(3) Pyruvate and phosphoenol pyruvate. 
Normally during gluconeogenesis, substrate flux Is largely considered to be 
unidirectional, i. e. towards the resynthesis of glucose. However, if there is 
incomplete inhibition of those enzymes responsible for reactions occurring in the 
opposite direction, then a cycle would be set up around those steps where separate 
enzymes are required for the forward and backward reactions. In gluconeogenesis, 
these steps correspond to 1,2 &3 given above. All these steps involve high energy 
transformations cycling of substrates around these steps which will result In a higher 
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than theoretical ATP requirement for gluconeogenesis and thus, a lower energetic 
efficiency of the animals. There is evidence that the regulation of substrate cycles, 
for example lipolysis and esterification of fatty acids, and of the 
phosphofructokinase and fructose 1,6, diphosphatase steps in glycolysis may be 
important in some bacteria, insects and mammals for heat production. 
The next two examples of heat generating cycles concern adipose tissue 
metabolism. The two cycles are: 
(a) fatty acid synthesis and oxidation cycle and 
(b) the triglyceride hydrolysis-re-esterification cycle. 
The fatty acid synthesis - oxidation cycle depends upon the hydrolysis of 
triglyceride to fatty acid, conversion to acetyl CoA and resynthesis back to fatty 
acid. Diversion of carbohydrate into the cycle would also aid thermogenesis since 
conversion of glucose to triglyceride with subsequent hydrolysis and oxidation would 
be energetically less conservative than the direct oxidation. The triglyceride 
hydrolysis re-esterification cycle envisages the hydrolysis of adipose tissue 
triglyceride to fatty acid, followed by their esterificatlon with a-glycerophosphate. 
Both cycles involve the hormone-sensitive lipase that is activated by adrenaline and 
noradrenaline and this explains their lipolytic and possibly their calorigenic effects 
on adipose tissue and in particular, brown adipose tissue. The regulation of 
thermogenesis in the cycles would be synonymous with the regulation of fatty acid 
oxidation which In turn would be regulated by a-glycerophosphate availability. The 
control of thermogenesis is affected by catecholamines and triiodithyronine. 
Furthermore, increased heat production could arise from increased substrate 
flow through pathways that result In little or no phosphorylation. These pathways 
fall into two groups. The first Involves the oxidation of reduced coenzymes outside 
the mitochondrion and by electron acceptors not normally involved with the 
respiratory chain. Examples are (a) oxidation of NADPH by microsomal NADPH - 
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cyt. C reductase, (b) coupling of NADPH oxidation to cytochrome b, via ascorbate 
and (c) the likewise coupling of NADH via ascorbate. Utilisation of these oxidative 
mechanisms will result in a lower ADP/02 ratio in the Intact system since (a) Is non- 
phosphorylating while (b) and (c) have ADP/O2 ratio of 0.9. 
Sodium Pump 
Other thermogenic mechanisms which may be as a result of the tissue altering 
their requirement of ATP by Increasing their biosynthetic or transport process or 
the rate of recycle of substrate In exothermic reactions are sodium pump activity 
and protein turnover. The sodium pump serves two general functions: extrusion of 
NA+ and transcellular Na+ transport, usually as Nacl, In a variety of epithelia 
(Baker, 1972). The process Involves the action of the enzyme Na+K+-ATPase (see 
Figure 6). 
Figure 6: The Sodium Pump 
(taken from Obesity & Leanness pp. 55 (Rothwell and Stock, 1962) 
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is situated in the plasma membrane and transports sodium out of the the cell and 
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ATP potassium into the cell against their concen" 
tration gradients. This ion transport is 
energy-dependent and utilises ATP which is broken down to ADP 
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The enzyme Na+, K+-ATPase which is situated in the plasma membrane 
transports sodium out of the cell and potassium into the cell against their 
concentration gradient. In so doing, the process utilises ATP, which is broken down 
to ADP. 
Sodium pumping has been shown to take place in the BAT (Horwitz, 1979) ATP 
used in the process are obtained from free fatty acid oxidation in the mitochondria. 
The rate of ATP synthesis is dependent in part on the requirement of the Na+/K+ 
membrane pump for ATP. Drawing on ATP, the membrane pump converts chemical 
energy to work for ion transport, in so doing, there is concurrent conversion of some 
chemical energy to heat. The rate at which the membrane pump operates depends 
In part on Ionic concentration, an Increased Inward leak of Na+ and outward leak of 
K+ would tend to enhance pump rates. Thus an increase in energy conversion would 
be observed. Although in most cells, the primary function of Na+/K+ pump is to 
maintain steady state ionic concentration In the brown fat, operation of the pump 
may also serve as an Important means of converting chemical energy to heat. 
Brown fat thermogenesis can then be obtained either by inefficient energy 
conversion of the pump or due to leakage of Ions through the membrane. 
There is increased membrane permeability during brown fat thermogenesis, 
and as permeability increases, the Na+ and K+ will more rapidly diffuse across the 
membrane down their electrochemical gradients releasing their electrochemical 
potential energy as heat. This leak would be compensated for by enhanced Na+/K+ 
pump activity in order to return Ion concentration back toward normal levels. The 
finding that the changes in transmembrane potentials, and conductance of 
adipocytes are transient, with values being restored to control levels within minutes 
following a single pulse of noreplnephrine (which causes membrane depolarisation In 
brown adipose tissue) injected Into the Intact animal supports the view that ionic 
concentration are returned to pre-stimulus levels via increased pump activity 
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(Horowitz et al, 1971). 
The energy cost of the Na+ pump is high, In mammalian cells, it is calculated 
that the energy requirement to transport Na+ out of the intracellular fluid and to 
accumulate K+ amounts to 20-45% of the total energy turnover calculated from the 
oxygen uptake (DHSS/MRC Report 1976). . The effect of increasing the 
phosphorylation may also increase the energy cost of Na+ pumping in the body. 
Thiiodothyronine and catecholamines have been implicated in the hormonal control 
of this process (Edelman et al 1974). Studies on tissues obtained from hypothyroid 
animals suggest that 30-100% of the increased oxygen, which comes with reversion 
to a euthyroid state are accounted for by a change in Na+ pump activity. With 
increased thyroidal activity, there is an increase in cellular ATPase activity with 
increase in the rate of Na+ extrusion. 
Protein Turnover 
Protein turnover is another important component of metabolism requiring 
substantial amounts of energy. Theoretical calculations suggest that peptide bond 
formation needs about 4.5-5.0 kJ energy per g protein (Stock and Rothwell 1982). 
However, measurements in vivo of the efficiency of protein deposition in animals 
suggest that the process may require much larger amounts of energy than this 
(Kielanowski, 1965). Experimental figures of 20-29.4 kJ/g of protein formed have 
been quoted (Stock and Rothwell, 1982). It is reasonable to suppose that the energy 
cost of peptide bond formation Is the same whether the synthesis is occurring in the 
course of turnover or growth. If the rate of protein turnover in an adult man is 300g 
per day (Waterlow et al 1974) even the lowest value obtained in vivo for the energy 
cost of protein synthesis means that protein turnover would require 2000 kJ per day, 
or about 30% of the basal expenditure (DHSS/MRC Report, 1976). If the upper limit 
(experimental) figure Is used, then protein turnover would require 6000 kJ per day or 
about 90% of the basal expenditure. Due to technical difficulties in measuring the 
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rate of protein turnover, there is limited information of the effect of overnutrition 
on protein turnover rate. 
The possible importance of dietary induced thermogenesis in the control and 
maintenance of energy balance must be stressed. It is a common observation that 
some people eat heartily, never worry about their diet and yet remain thin, while 
other gain weight readily unless they are continuously watching their diet. This is 
the reason why Neumann in 1902 introduced the term "luxusconsumption" to account 
for the relative stability of his own weight during a period which his energy intake 
had been very different. This homeostatic phenomenon provides a long time 
adaptive mechanism for energy balance when food consumption is excessive 
(compared with habitual intake). The failure of this adaptive phenomenon may 
quickly lead to obesity. 
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1.5 Obesity 
Obesity is considered to be a first order hazard in industrialised societies. It 
also gives rise to more III health than all the vitamin deficiencies put together. The 
question then Is "What is obesity? " The term obesity is most generally used to 
describe an excessive accumulation of adipose tissue. This simple definition leaves 
two difficult problems to be solved, (a) how to measure correctly the adipose mass; 
(b) what is considerd to be excessive adipose mass; since it is important to be able to 
assess the degree of obesity for purposes of regulating treatment. 
Determination of adipose mass 
The adipose tissue mass can be determined directly by Isotope dilution 
methods, and by measurements of the body's specific gravity, and it may be 
characterised by the analysis of fat cell number and average size, it can also be 
assessed by a system of various skinfold measurements. The methods involved in 
these determination are very cumbersome and are not always practicable in 
epidemiological studies. Much'easier to use are measurements of weight-for-height 
indices. The most popular one being body mass Index-fand this correlates well with 
skinfold measurements. Their advantage Is that height and weight are rather easy 
to measure, their disadvantages, however, are substantial: weight-for-height Indices 
are usually employed as measures of the 'relative weight', and they cannot 
differentiate between overweight due to excess adipose tissue, water, or muscular 
tissue. It also does not take the frame size of body into consideration. 
The measurement of skinfold thickness, like that of body weight, is well 
adapted to the assessment of obesity in community studies. It is simple and quick 
and has the great advantage of providing a more direct estimate of body fat. The 
method depends on the assumption that the subcutaneous fat constitutes a constant, 
or at least predictable, proportion of the total body fat. Some workers have 
Weight NO 
Height (m) 
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measured skinfolds at four or more sites, in some cases, little accuracy is lost if one 
or two sites are measured (Durnin and Womersley (1974); Haisman et at, (1970). 
Errors may arise in determining skinfold thickness from variability between 
observers and between instruments. The sites of measurement must as well be 
standardised. Above all, the measurement of skinfold thickness can be regarded as a 
satisfactory practical index for community studies on the prevalence of obesity. 
The ease of using the method, however, depends on how many sites are being 
measured. 
Even more complicated is the question of drawing a borderline between 
excessive and normal degrees of adiposity where excessive adiposity would be 
identical to obesity. Discrepancies resulting from this has led to different countries 
having different degrees of excessive adiposity referred to as obesity. Mean values 
of body fat for normal men are about 12% and young women are 26%. A man whose 
body fat amounts to more than 20% of his total weight may be considered obese and 
for a woman, a figure of more than 30% represents obesity (Davison et al, 1979). 
However, whatever the degree of excessive adiposity is declared as obesity, 
the disadvantages of being obese are obvious. Obesity is associated with excess 
mortality, morbidity and poor performance ratings. The most extensive material 
between body build and mortality has been accumulated by the North American Life 
Insurance companies, over a period of 20 years. Obesity also has been associated 
with a number of diseases and health disorders. In some cases, obesity has been 
found to play a causal or contributory role in the development of these diseases. 
These include diabetes mellitus, hyperllpoproteinaemia, hyperuricaemia, 
hypertension, hernia, pulmonary insufficiency, alveolar hyperventilation and venous 
statis. In most cases excess adiposity leads to physical, physiological and social 
Impairments (Berger et al, 1980). 
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In view of associated diseases and health disorders, the treatment of obesity 
could not be more warranted. There are many ways of achieving weight loss in 
obesity. These include the conventional treatment of semistarvation or total fasting 
of the obese individual, use of anoretic drugs which suppress hunger and 
consequently reduce food intake, and finally, surgical operations involving intestinal 
bypass. In order to effect a suitable treatment of obesity, it is important that the 
causal factors are known, or, even if there are no pinned down factors, it should be 
possible to discern factors contributing most to obesity and how such factors can be 
controlled. 
Obesity results from a positive energy balance, an excess of energy intake 
over expenditure resulting in accumulation of excessive energy stores. The major 
problems encountered by the scientists and clinicians researching in this field have 
been to determine whether excess fat accumulation is due to high level of food 
intake, a low expenditure, or both, and to identify the underlying psychological, 
physiological and biochemical causes of this imbalance. 
Stock & Rothwell (1982) reported that 'It is a common practice to classify 
obesity into different categories and it Is useful, for example, to distinguish between 
subjects who are actually gaining weight and In positive energy balance (dynamic 
obesity)' and those which have accumulated excess fat but whose body weight is now 
stable (static obesity). Van Itallie et all (1972) however, grouped obesity according 
to mechanism into regulatory, hormonal and constitutional types. 
Regulatory obesity Implies that there Is metabolic abnormality, but that food 
in excess of requirements is eaten for psychological reasons, or on account of 
damage to hypothalmic control centres, or energy output is decreased through a 
sedentary way of life. Metabolic obesity might arise from enzymatic, hormonal or 
conceivably neurological changes. Constitutional obesity is due to fat cell 
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hyperplasia (Garrow, 1974). 
These classifications assume firstly that we are able to identify the causes of 
obesity, and secondly that each category relates to a single cause. This is not the 
case. Although there are a small number of cases where obesity is due to a specific 
disease or condition, such as tumours of hypothalamus or genetic syndrome. These 
conditions are often associated with gross obesity and rapid weight gain, and when 
reversal can be achieved as for example with surgical removal of tumours, weight 
loss often occurs. 
Reports have indicated that studies on habitual food Intake have failed to 
observe any consistent differences between obese and lean subjects. It is clear that 
some people are lean because they eat only small amounts of food and may be 
consciously watching their weight (Stock & Rothwell, 1982). Similarly, it is also 
easy to find obese people who are either large or small eaters. Furthermore, over- 
feeding experiments (Gulick 1922, Miller at al, 1967, and Sims, at at 1968) have 
shown that normal weight subjects can increase food intake to levels well above 
those of spontaneously obese, but gain little or no excess weight. . This has been 
attributed to dietary Induced thermogenesis. 
Pittet at all (1976) have shown a reduced TEF in the obese and James at all 
(1979) have shown a reduced thermogenic potential in obese people. However, some 
authors have indicated that there is no difference in the lean and obese as regards 
TEF. Strang and McCluggage (1931) carefully examined energy expenditure 
following a test meal fed to obese (18-60% overweight), normal (15% of ideal 
weight), and thin subjects. The authors conclude that no differences exist between 
lean and obese patients in the dissipation of calories from ingestion of a meal 
(Strang et al, 1931). In fact, several studies have found that obese subjects have 
higher metabolic rates than lean subjects. This is perhaps due to increased body 
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mass in obese people. The ideal solution, however, would be to monitor energy 
balance before or during the development of obesity, but the problem is knowing 
those who in later life will become obese. 
Several investigators have documented the reduction In physical activity of 
obese people, but it is not clear whether this is a primary condition which induces 
obesity or a secondary response to the high energy cost of moving (Bullen et al, 
1964; Durnin 1973). 
It is obvious that whatever the causes of obesity are and many believe it is a 
multifactorial disease, it is most important that we start looking for the control of 
energy balance in man. Without this understanding, an analysis of factors 
contributing to obesity is bound to be superficial. Energy balance in lean and obese 
people might reveal differences in these two groups. 'Moreover, the objective role 
of DIT in lean and obese people should be further researched Into. 
More is known about the effects of obesity on the metabolic pathways of the 
body. The obese individual who Is In a state of energy equilibrium with his 
environment, demonstrates a number of endocrine and metabolic abnormalities. 
Fasting blood sugar is often elevated, particularly In individuals who have been 
obese for many years (Ogilvie, 1935). Other obese Individuals also demonstrate an 
elevation in serum insulin. Several other metabolites may be altered and pyruvate 
lactate citrate are slightly elevated. The effects of obesity on glucagon have not 
been clearly clarified yet but plasma and free fatty acid levels are frequently 
elevated in obese individuals after an over-night fast. 
Treatment of obesity 
As earlier Indicated, there are many methods for treatment of obesity, 
however, in this review, only an account of the treatment of obesity by dietary 
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control will be considered. 
Starvation 
Dietary treatment of obesity falls into two categories (a) by total starvation 
and (b) by restricted energy intake. As for total starvation, since the objective in 
the treatment of obesity is to achieve a negative energy balance, it is logical to 
reduce the energy input to zero: any energy expenditure will then be at the expense 
of the energy stores, so theoretically weight loss would be at the maximum rate. 
The use of total starvation in the treatment of obesity was advocated by Bloom 
(1959), Duncan et al (1963). One of the ways In which treatment can be used is to 
have an initial period of fasting for a week or two, followed by one or two days on a 
reducing diet to maintain weight loss or promote further weight loss. Hence, from 
viewpoint of energy balance, total starvation is a logical form of treatment of 
obesity, at least while the patient is In hospital. The advantage clearly is that of 
weight loss but if the starvation is of short period, then, there is little practical 
benefit as the weight is rapidly regained. Moreover, starvation may lead to 
disturbance of renal function, even hyponatraemic shock- may occur. Vernon Young 
et al (1971) reported the case where during total starvation, a 20 year old girl who in 
30 weeks of total fasting cut her weight from 118.2 kg to 60 kg. On the ninth day 
after she had resumed eating, she died of ventricular fibrillation. It was later found 
that this patient not only had lost fatty tissue but also had consumed during her fast, 
half of the lean-tissue mass in her body, inclduing part of the fibrous tissue of the 
heart muscle. Other side effects of starvation include oedema, weakness, hair loss 
and polyneuritis. 
As Garrow (1974) observed, "The massive weight loss which can be achieved 
in long term starvation must be set against the potential hazards of total starvation 
which are minimised by giving a small amount of food". He suggested giving a diet 
with energy content of about 3,306 kJ (800 kcal) per day. This then brings us to the 
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use of semistarvation or energy restriction In the treatment of obesity. Attempts 
have been made over many years to find diets for promoting weight loss. Low 
intakes are tolerated because such diets also seem to reduce hunger (Yudkin, 1960; 
Gordon at at, 1963; Cederquist et al, 1952). This effect on hunger has often been 
ascribed to ketosis but the relationship is not well documented (Silverstone at al, 
1974; Evans at al, 1974). The ease with which carbohydrate can be eliminated from 
the diet and the encouraging initial weight loss have made these diets very popular. 
Though there is little evidence to show that obese persist on it for long, 
nevertheless, a small proportion of subjects seem to be able to keep to the diet for 
many months, maintaining a slow rate of weight loss despite the metabolic 
adaptations which occur to limit energy expenditure and the tendency to be less 
physically active. 
Very low energy diets 
Very low energy diets (1254 kJ (300 kcals) - 3009 kJ (720 kcal) per day) have 
been produced to achieve a large energy deficit which will both encourage the 
patient and limit the time of treatment. An alternative method of reducing food 
intake is to fit a dental splint to obese patients who are compulsive eaters. This 
method has produced striking weight loss, comparable to that In total starvation 
(McChuish et al, 1968). The patient is able to speak and drink but not to eat, so in 
effect he Is limited to a milk-based diet which cannot attain a high energy density. 
Other diets, for example, the high egg or high grapefruit diet, have been 
advocated but there Is little evidence to Indicate to what extent these dietary 
manipulations lead to a reduction in energy intake. It has also been suggested that a 
high fibre diet provides more satiety value, thus limiting energy Intake and reducing 
the likelihood of obesity (Heaton, 1973). The water retaining properties of fibre 
may lead to satiety since it has been suggested that food of lower energy density 
affect rates of stomach emptying and voluntary food intake (Hunt at al, 1975). 
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However, some believe that the effects, if any, of fibre on energy regulation may be 
more complex than the promotion of gastric emptying (James et al, 1974). 
The advantages of a restricted food intake for treatment of obesity are quite 
obvious. It is not as demanding on the body as total starvation. It is also possible to 
follow this for a longer time than total starvation. The usefulness of exercise in 
association with dietary management of obesity has received little attention. This 
neglect may reflect the widely held views that energetic effects of exercise are too 
small to warrant the time and effort involved. Obese college women who exercised 
on ergometers and treadmills for four hours a week had an increased weight loss 
compared with those on a similar diet without exercise (Dudleston et al, 1970). 
Other methods of treating obesity as indicated earlier include the use of 
surgery, and drugs. The use of surgery in treatment of obesity was initiated by 
Payne et al, (1963) and modified by Scott at al, (1970) using jejunoileal bypass. 
Surgery is effective but the disadvantages are numerous. The mortality rate of the 
surgical procedures is still 4%. Other problems include diarrhoea, electrolyte 
derangement, kidney stones, gall stones and arthritis (Quaade, 1981). 
The use of drugs might be helpful In treatment of obesity in three possible 
ways: they might decrease hunger, or increase metabolic rate, or merely act as an 
incentive for the patient to return to the doctor's surgery rather than dropping 
treatment entirely. In practice there is no drug which generally performs any of 
these functions to a satisfactory extent. Garrow, (1974) on reviewing the use of 
drugs concluded that "Drugs have a rather small contribution to make In the 
treatment of obesity". 
The most obvious conclusion from the above is that virtually all treatments 
of obesity which are effective are dietary treatments. Weight loss during 
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underfeeding is always diminished due to the effect of basal metabolic rate 
depression. This phenomenon is of great significance in the dietary treatment of 
obesity. Bray (1969) studied 14 grossly obese patients (weight 135 - 209 kg) on a diet 
supplying 14,700 kJ (3500 kcal) per day for seven days, and then for a further 24 
days on a diet supplying only 1890 kJ (450 kcal) per day. During the first period 
there was a slight weight gain, and during the period of energy restriction the 
weight loss averaged 10.3 kg. During the period of underfeeding, the measured 
metabolic rate fell by 15%. Many other workers (Apfelbaum at at, 1971 and Garrow, 
1978) have also confirmed this observation. Hence, this phenomenon Is at least a 
control system when the energy supplied Is reduced, the resting energy expenditure 
falls, and hence tends, to protect the energy stores from excessive depletion. For 
the obese patient trying to lose weight, it is a source of frustration. The substantial 
drop in resting metabolic rate Is thought to be due to the effect on protein turnover 
of energy restriction Garrow (1974). Obese patients have been shown to have a 
decreased protein turnover during weight loss (Sender et al, 1975). 
The opening statement of the report by DHSS (1976) on obesity was "We are 
unanimous in our belief that obesity is a hazard to health and a detriment to well- 
being. It Is common enough to constitute one of the most Important medical and 
public health problems of our time, whether we judge importance by a shorter 
expectation of life, increased morbidity or cost to the community in terms of both 
money and anxiety. " 
From these aspects of obesity highlighted, it Is evident that there Is still a 
great deal to be done in all these areas of obesity. A better way of monitoring body 
fat should be designed. Prevalence and natural history of obesity should be studied 
in detail as well as its effects. The possible roles of dietary induced thermogenesis 
in obesity shoud also be researched. It is known that the immediate cause of obesity 
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is an energy imbalance, it is also clear that individuals differ in their tendency to 
fatness (lean and obese), the contribution made by DIT to this should be further 
investigated. Garrow (1978) related that, If it can be shown that RMR is low in 
obese people, then the cause of obesity can be easily pointed out. It is possible to 
find obese people that have lower metabolic rates than thin people, but the converse 
is equally true. If groups of obese and lean people could have their RMR monitored 
and then compared, and if the RMR were identical, then the cause of obesity 
probably lies in excessive intake, or too little expenditure of energy in exercise. 
It is even the interpretations of obtained results that prove more challenging. 
As for the possible role of DIT In aetiology of obesity, we do not know whether this 
phenomenon is totally lacking in obese people. It has been shown to be operative in 
lean people during overfeeding, however, the extent of DIT (if any) at 'normal' level 
of dietary intake is still unknown. 
Hence, it seems as if we know a lot about the effects of obesity, however, 
the causal factors still elude us. 
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CHAPTER TWO 
METABOLIC MIXTURE, RESTING AND EXERCISE METABOLIC 
RATES IN LEAN LARGE AND SMALL EATERS 
2.0 Introduction 
It is common to find two people who have the same weight, and have a similar 
activity level and yet one (large eater) may eat twice as much as the other (small 
eater). Why does one eat more than the other if they have the same weight to 
support and similar activity levels? How does the large eater dispose of his energy 
excesses? If we were able to monitor precisely how a large eater dissipates his 
energy excesses (compared to small eater) enabling him to remain at constant 
weight, it might be just those that are absent in the obese. 
The studies in this chapter aim to look at the proportion of protein, fat and 
carbohydrate being oxidised at any one time (metabolic mixture), resting and 
exercise metabolic rates in lean large and small eaters, with the same weight and 
similar activity levels. Since, in the short term, metabolic mixture Is indicative of 
the state of nutrition of an individual and resting metabolic rate gives a measure of 
energy expenditure, it may be possible to establish the ways in which large and small 
eaters achieve energy balance. 
2.1 Methods 
The Subjects 
Eighteen male subjects volunteered for the study. The subjects were weighed 
(Herbert Platform Weighing Balance) height and percentage body fat were measured 
by tricep. skinfold (Durnin and Womersley, -1974):, at the onset of the experiment. 
Physical characteristics are given in Table 2. The nature of the study was explained 
to them, on interview it was established that none of them engaged in demanding 
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physical activities (e. g. playing squash) more than once a week. They were 
classified as large or small eaters following a seven day diet survey. 
2.1.1 Dietary Survey 
The method adopted was by weighing all food consumed during the period of 
survey. The subjects were supplied with dietary balances (Chatillons, CMS Weighing 
Equipments, England) and were taught the use of the dietary balances and keeping of 
dietary record notes. The duration of the dietary intake was seven week days. The 
subjects were issued with notebooks in which their names, date of beginning the 
survey and physical characteristics were recorded. They recorded the weight of 
most food items eaten. When they were out, as in restaurants, a detailed account of 
the foods and portions consumed were recorded in the notebooks provided. Standard 
measure for fluid was given to them and the total fluid consumed at the end of the 
day recorded. 
Household measures were also used to record the amount of sugar, margarine, 
jam, marmalade and bread consumed. This meant that Instead of weighing these 
items every time they ate, they simply put the units down e. g. two medium slices of 
bread, two teaspoons of sugar. A leaflet was given to them to facilitate this. In no 
way was this a substitute for weighing the foods consumed, it was a way of 
Improving the acceptability of the programme and thus obtaining a more 
representative record of their daily dietary Intake. 
At the end of the dietary survey, the dietary records were collected and 
analysed using a computer programme. The programme was written by P. R. Gamble 
et al. (1980) of the Department of Hotel and Catering, University of Surrey. The 
programme called "SUPERDIET" consisted of food composition tables as compiled 
by A. A. Paul and D. A. T. Southgate (McCance and Widdowson, 1978). Also food 
items were added from food tables published by Food and Agriculture Organisation. 
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Food items were input into a. particular file on the computer, the codes for 
individual food items were entered, and also the amount. The "SUPERDIET" then 
analysed the diets for protein, carbohydrate, fat, minerals and vitamins. Analysis 
was conducted on each days intakes. The mean dietary intake was then established 
for each experimental subject, this was followed by their classification either as a 
large or small eater. 
In classifying subjects as large or small eaters, anyone consuming below 9,000 
kJ/day (2143 kcal) is termed as small eater and a large eater must consume over 
10,000 kJ/day (2381 kcal). Large eaters (n=11) consumed an average of 12,843 
kJ/day (3058 kcal) and small eaters (n=7) consumed 7090 kJ/day (1688 kcal) (p<0.05) 
(see table 4). 
2.12 Resting metabolic rate and exercise metabolic rate 
Resting metabolic rate (RMR) was determined with the subjects in a sitting 
position on a bicycle. A period of 10 minutes was allowed for them to settle prior to 
determining their metabolic rate at rest. 
. 
Exercise metabolic rate (EMR) was determined while the subjects rode a 
bicycle ergometer at a constant speed of 16 kph (10 mph) with a weight of 1 kg - 
attached to the bicycle. The duration of both RMR and EMR determinations was 12 
minutes. 
Resting metabolic rate and exercise metabolic rate were determined using the 
P. K. MORGAN EXERCISE TEST SYSTEM (Chatham, Kent, England). The system is 
composed of a) Morgan automatic .- respirometer, b) Morgan. Dragon Computer, c) 
Automatic line printer (Integral Data, 560).. The Morgan system Is a computerised 
system which allowed- continuous monitoring, of a number of physiological 
parameters., These included heart,. rate, respiration rate, oxygen consumption and 
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carbon dioxide production. 
The subject was attached to the Morgan through the mouth piece (linked to a 
ventilometer) and three electrode pins which read the pulse rate. (see Appendix A 
for details of the Morgan system). The results obtained were corrected to standard 
temperature, pressure and relative humidity, the result was typed out on a line 
printer. RMR and EMR results were expressed as volume of oxygen consumed per 
minute (V02m1/min). The tests were conducted over seven week days over a period 
of 2 weeks for each of the subjects. 
2.1.3 Collection of 24 Hour Urine Sample and Determination of 
Urinary Nitrogen (gN/day). 
An equation derived by Consolazio et al (1963) was used to calculate the 
metabolic mixture, which is the amount of carbohydrate, fat and protein utilised 
(g/min) at any particular time. 
Consolazio equation: - 
Carbohydrate (g) = 4.12 CO2 - 2.910 2-2.54 Un 
Fat (g) = 1.69 02 - 1.69 CO2 - 1.94 Un 
Protein (g) = 6.25 Un 
Energy (kJ) = 15.8 02 + 4.86 CO2 - 12 Un 
(Un = Urinary nitrogen (g/min), CO2 = Carbon dioxide (ml/min), 02 = Oxygen 
(ml/min)) 
Urinary nitrogen excretion must be measured to calculate the metabolic 
mixture. The most accurate method of doing this would have been to collect urine 
samples during the piece of activity and analyse it for nitrogen. The problem with 
this was that many of the subjects were unable to provide urine samples at 
demanded times. Instead, four 24-hour urine samples were collected from each of 
the subjects and analysed for nitrogen. The mean urinary nitrogen over four days 
was determined using the Kjedahl procedure. (see Appendix B). 
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Table 2 Physical Characteristics of Male Subjects 
Subjects Age (years) Average 
*L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 
L11 
*51 
52 
S3 
S4 
55 
S6 
S7 
23 
27 
21 
23 
22 
26 
19 
23 
19 
22 
19 
28 
22 
27 
26 
30 
20 
24 
*(L) = large eater 
weight (kg) Height (m) 
61.00 1.85 
70.80 1.78 
64.10 1.84 
71.60 1.96 
67.16 1.79 
57.70 1.68 
76.34 1.87 
68.50 1.80 
85.20 1.83 
63.90 1.80 
74.22 1.83 
Dietary 
% of body fat Intakes (kJ/day) 
15.25 11515 
17.25 13541 
14.00 15602 
13.50 14922 
16.00 13799 
18.00 11350 
15.75 15383 
17.25 12093 
23.5 10328 
15.25 10800 
19.5 11944 
55.50 1.63 
62.17 1.72 
57.96 1.75 
58.77 1.75 
55.30 1.64 
62.11 1.77 
72.41 1.75 
16.75 
16.50 
16.50 
13.50 
16.50 
14.25 
19.25 
4973 
8250 
8331 
7700 
5191 
8770 
6461 
*(S) = small eater 
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Table 3 Comparison of age, weight, height and energy 
intake of 11 large eaters and 7 small eaters 
Large eaters Small eaters t-test 
(n=11) (n=7) 
Age (year) 24.0+3.28 25.3 ± 3.49 N. S. 
Weight (kg) 63.19+7.73 60.60+5.89 N. S. 
Height (m) 1.82+ 0.06 1.72+0.056 N. S. 
% Body fat 16.84 + 2.81 16.17+1.86 N. S. 
Dietary Intakes 
(kJ/day) 12843.4 + 1888 7090.8 + 1568.2 (P<0.001) 
RESULTS 
The following factors were determined during the experiments: - 
1) Dietary energy, fat, carbohydrate and protein intake 
2) Resting metabolic rate (RMR) 
3) Respiratory Quotient (for RMR) 
4) Exercise metabolic rate (EMR) 
5) Respiratory quotient (for EMR) 
6) Metabolic mixture: Protein, carbohydrate and fat oxidised at rest and during 
exercise. 
Results were also expressed as "kg body weight/hr". Statistical analysis was 
conducted using Student t-test for paired and unpaired results. (Rees, D. G. 1985). 
The threshold of significance was p<0.05 N. S. denotes not statistically significant. 
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RESULTS 
Table 5 
Parameters measured 
Resting metabolic rate 
V02 (ml/min) 
V02 (ml/kg/hr) 
. Respiratory 
Quotient 
Resting 
Exercise 
Exercise metabolic rate 
V02 (ml/min) 
V02 (ml/kg/hr) 
Metabolic mixture resting 
Carbohydrate (g/hr) 
Fat (g/hr) 
Protein (g/hr) 
Carbohydrate (g/kg/hr) 
Fat (g/kg/hr) 
Protein (g/kg/hr) 
Exercise 
Carbohydrate (g/hr) 
Fat (g/hr) 
Carbohydrate (g/kg/hr) 
Fat (g/kg/hr) 
Large eaters Small eaters 
330.6 + 47 285.9 + 54 
286.8 + 25 282.2+42 
0.8251 + 0.048 0.7955 + 0.063 
0.8483 + 0.056 0.8750 + 0.059 
1269+94.5 1253.1+102 
1106.5 + 69.48 1246.4 + 116 (p<0.005) 
8.07+3.84 5.17+3.79 
4.69+2.12 5.23+2.09 
0.616 + 0.088 0.367 + 0.056 (p<0.01) 
0.127 + 0.060 0.085 + 0.062 
0.074 + 0.033 0.086 + 0.034 
9.7x10-3 + 1.39x10-3 
640 3+9.240-4 
42.4 + 16.03 49.62 + 15.56 
18.9+7.96 15.44+8.73 
0.670 + 0.254 0.818 + 0.256 
0.299 + 0.126 0.255 + 0.144 
47 
Table 6 Energy Expenditure (kJ/day) in lean large and 
small eaters (calculated from RMR) 
Subjects Lean small eaters Subjects Lean large eaters 
Si 6036.5 Ll 7796.2 
S2 9055 L2 9141.1 
S3 7007 L3 8847.4 
S4 7413 L4 9815 
S5 7997 L5 10598.4 
S6 10598 L6 6817 
S7 9539 L7 10187 
LB 10253 
L9 10881 
L10 9078 
L11 11330 
n=7n= 11 
X= 8235 X= 9522 
SD = 1582.7 SD = 1357.5 
SEM = 598 SEM= 409 
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Table 7 Metabolic mixture in daily energy Intake and expenditure 
Percentage contribution of carbohydrate, protein and fat oxidation 
to daily energy intake. 
Metabolic mixture Small eaters (n=7) Large eater (n=11) 
Carbohydrate 51.3 50.5 
Fat 34.8 35.3 
Protein 14.4 12.95 
Percentage contribution of carbohydrate, protein and fat oxidation 
to daily energy expenditure at rest. 
Metabolic mixture Small eaters (n=7) Large eaters (n=11) 
Carbohydrate 25.31 34.17 
Fat 57.6 44.68 
Protein 1.7 2.6 
0 
l 
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Figure 7 Oxygen consumption (ml/min) in lean large and 
small eaters. 
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Figure 8 Carbohydrate (g/hr) in 11 lean large 
and small eaters. 
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Figure 9 Fat utilisation (g/hr) in 11 lean large 
. and 7 small eaters. 
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RESULTS 
The dietary energy intake in large eaters is 12843 kJ/day (3058 Kcal) and in small 
eaters is 7090 kJ/day (1688 Kcal) (p<0.001). 
The resting metabolic rate of lean large eaters was 330.6 ml of oxygen per minute 
and 285.9 in small eaters. The difference was not significant. 
Exercise metabolic rate was 1269 ml of oxygen per minute in large eaters and 
1253.1 in small eaters. The difference was not significant. When analysed as ml/kg/hr, 
exercise metabolic rate was higher in small eaters (p<0.05). 
Due to the wide variation in the resting and exercise metabolic rate in both groups, 
differences in the results were not significant (Figure 7). 
Metabolic mixture was also established in large and small eaters at rest and 
exercise. In view of the wide variation in the levels of urinary nitrogen in the subjects, 
with unusually low or high value recorded in some of the subjects, the values were not 
used in the calculation of metabolic mixture. Instead an estimate of urinary nitrogen was 
made from the daily dietary protein intake corrected for faecal and cutaneous nitrogen 
losses by substracting lg N/day. (Genuth 1978). :, This "estimated" urinary nitrogen values 
was then used in Consolasio et al. equation to calculate metabolic mixture. 
Metabolic mixture results is depicted In Figures 8&9. Protein utilisation was 
higher in large eaters than small eaters. The value was . 616 g/hr in large eaters and . 367 
g/hr, in_small eaters (p<0.01). - Fat and Carbohydrate metabolised were not different in the 
two groups. There was, a difference in the amount, of carbohydrate and fat used in the 
subject at rest and during exercise. In the large eaters carbohydrate metabolised at rest 
was 8.07 g/hr and this increased to., 42.4 g/hr. during exercise (p<0.001). Fat utilisation was 
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also increased from 4.69 g/hr at rest to 18.9 g/hr during exercise (p<0.001). In the small 
eaters, carbohydrate oxidation at rest was 5.17 g/hr and was increased to 4 9.62 g/hr. Fat 
oxidation was also increased from 5.23 g/hr at rest to 15.44 g/hr during exercise. 
The pattern of metabolic mixture utilisation was different at rest from that 
observed during exercise. Carbohydrate oxidation at rest was 8.07 g/hr in the large eaters 
while it was 5.17 g/hr In small eaters. Fat oxidation (g/hr) at rest was 4.69 in large eaters 
and 5.23 in small eaters. During exercise however carbohydrate utilised was 42.4 g/hr and 
49.62 g/hr in large and small eaters respectively. The difference was not significant. Fat 
metabolised was 18.99 g/hr in large eaters and 15.44 g/hr in small eaters (Table 5). . 
2.4 Discussion 
The wide range variation of resting and exercise metabolic rate observed was 
expected because of similar wide variation in energy Intake. Walker (1965) reported that 
in medical students with uniformity of physical activity, the mean daily calorie intake 
showed'considerable individual variations. In 165 male students, intake varied from 4536 
kJ (1018 kcal) to 21529 kJ (5126 kcal) per day and In 107 female from 3847 kJ (916 kcal) 
to 18320 kJ (4362 kcal) per day. Similar variations have been noted by Rose & Williams 
(1961) in their metabolic study of twelve male medical students. 
In food consumption studies on adults (Widdowson, 1936) and children of ages ranging 
from 1 to 18 years (Widdowson, 1947) Widdowson found the calorie Intakes of different 
individuals to vary by 100% or more. 
:_ : This individual variation makes It difficult to demonstrate statistical significance In 
the RMR and EMR of the large and small eaters particularly when only small numbers of 
subjects are involved, however, it may be that factors other than RMR and EMR may be 
different significantly between the groups. In other to clarify these Issues, measurements 
of the thermic effect of meal were made In subsequent experiments' and an attempt to 
, xT 
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make better measurements of overall energy expenditure is made in Chapter 3. 
Among the factors which stimulate thermogenesis in man, food intake plays a major 
role (Jequier, 1983). After ingestion of a meal, the energy expenditure Increases, this is 
not surprising because food In absorbed as simple chemical constituents, glucose, fatty 
acids, amino acids and subsequently after transportation to liver and peripheral tissues is 
built up into more complex molecules-glycogen, fat and protein. These syntheses use ATP 
which must be derived from oxidation of glucose or fatty acids. Thus, the storage of 
future energy supplies and synthesis of protein is energy demanding. 
The metabolic fate of nutrient also dictates the rate at which energy is expended. 
The proportion of carbohydrate, fat and protein oxidised in performing daily activities has 
an effect on energy expenditure. This is because when oxidised, different substrates have 
different thermogenic potential: when glucose is absorbed and directly oxidised, the 
increase in energy represents only 1% of the glucose energy content, whereas the cost of 
converting from glucose to glycogen corresponds from to 5% (Flatt, 1978). Another 
pathway, lipogenesis from glucose is energetically wasteful since the equivalent of 22% of 
the energy content of glucose converted into lipid is expended (Flatt, 1978). A figure of 
15% has been quoted by Millward at al (1976) for the percentage of heat produced in the 
deposition of fat from dietary carbohydrate. 
The cost of energy storage was summarised by Rothwell & Stock (1982) as shown in 
Table 20. 
Table 20 Cost of Energy Storage 
Theoretical* 
(kJ/g) 
Fat (from carbohydrate) 9.4 
Fat (from dietary fat) 0.8 
Protein 4.5-5.0 
Experimental 
(kJ/g) 
14.0 
6.0 
20.0-29.4 
(* Direct cost assumes no recycling, energy cost/ATP utilised = 84 kJ/mole) 
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Nutritient interconversion might be a possible way to generate wasteful cycling of 
substrates. 
The metabolism of the three major nutrients exhibit many points of Interaction (see 
Figure 10). Metabolites of carbohydrate can form fatty acids and the carbon skeleton of 
certain amino acids, and many amino acids can be converted to carbohydrate. Fragments 
from all classes of substrates are eventually channelled into a common pathway of aerobic 
catabolism, the Krebs cycle, for ultimate conversion to CO2 and H 20 and the liberation 
of energy. 
Figure 10 Interrelation of carbohydrate, protein, and fatty 
acid metabolism 
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Metabolic mixture was determined at: rest, and during exercise in lean large and 
small eaters. Protein consumption (9/hr) was higher In the large eaters than In small 
eaters (p<0.01). Protein turnover Is an Important component of metabolism requiring 
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substantial amount of energy (DHSS/MRC report 1976). Theoretical calculations suggest 
that peptide bond fraction needs about 1.7 kJ per g protein formed (Kielanowski, 1965). A 
higher figure of 4.5-5.0 kJ/g of protein has been quoted by Stock & Rothwell (1982). 
However, measurements in vivo of the efficiency of protein deposition in animals suggest 
that the process may require much larger amounts of energy than this (Kielanowski, 1965). 
Rothwell & Stock (1982) quote a value of 20.0-29.4 kJ/g of protein as being the 
experimental cost of deposition (Table 20). 
It follows then that large eaters must expend more energy than small eater in the 
course of more protein turnover. When glucose Is absorbed and directly oxidised, the 
increase in energy expenditure represents only 1% of the glucose energy content, this is a 
very efficient process of energy metabolism. Conversion of glucose to lipid represents an 
inefficient pathway and one that encourages waste of energy. Though the differences 
were not statitically significant there was a tendency for small eaters to use fat and less 
carbohydrate at rest than the large eaters, an apparently inefficient use of energy. 
During exercise however, the large eaters utilised less cabrohydrate and more fat than 
small eaters. 
It is not known at what level of energy expenditure the large eaters switched to a 
. 
greater proportion of energy expenditure from fat. If this level of physical activity forms 
a large component of daily routine in large eaters, it would explain the ease with which 
, 
this group of people maintain body weight on high food Intake. 
The relative amount of energy derived from the metabolic mixture at rest was 
compared against the contribution of fat, carbohydrate and protein to daily energy intake. 
Both large and small eaters utilised an increased proportion of fat than that consumed. 
Fat, it seems, was synthesised from carbohyrate and possibly protein in both groups. 
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CHAPTER THREE 
ENERGY EXPENDITURE IN LEAN LARGE AND SMALL EATERS 
3.0 Introduction 
3.1 The thermic effect of meal in lean large and small eaters 
3.1.1 Methods 
3.1.2 Physical characteristics of subjects 
3.1.3 Results 
3.1.4 Discussion 
3.2 24-hour energy expenditure In lean large and small eaters 
3.2.1 Methods 
3.2.2 Physical characteristics of subjects 
3.2.3 Results 
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CHAPTER THREE 
ENERGY EXPENDITURE IN LEAN LARGE AND SMALL EATERS 
3.0 Introduction 
The two studies conducted are very much related to resting and exercise 
metabolic rate experiments described in the previous chapter. In an attempt to 
study every aspect of energy expenditure in the lean subjects, it became necessary 
after looking at the resting and exercise metabolic rate to examine post-prandial 
metabolic rate. It maybe that this component of energy expenditure Is the one 
where large eaters dissipate most of their dietary excesses compared to small 
eaters. 
The measurement of energy expenditure in the previous chapter were over a 
relatively short time period and it was necessary to establish energy expenditure 
over a longer period than recorded earlier, hence 24 hour measurements of energy 
expenditure were made. 
3.1 Thermic effect of meal In lean large and small eaters 
3.1.1 Methods 
The thermic effect of a meal was determined in eight male subjects. They 
were classified as large or small eaters depending on their energy Intake as earlier 
indicated. Individual details of height, weight and percentage body fat Is given In 
Table 22. 
7-day weighed food Intake were recorded as described In Chapter 2.1. 
Classification into large and small eaters was based on the results of the food intake 
survey. 
The subjects were asked to fast overnight for 12 hours before the experiment. 
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They were allowed time to rest prior to the start of the experiment. All of them 
had previously familiarised themselves with the equipment. 
Metabolic rate before and after meal ingestion was established in large and 
small eaters. A plan of the experimental procedure is given in Figure 11. 
The Meal 
The meal chosen was Complan (Farley Products Ltd, England) 100g was mixed 
with 284 ml of water. The composition of Complan Is given in Table 21. 
Control 
For the control, the Complan meal was substituted by warm water (284 ml). 
Plan of the experimental procedure Is given In Figure 12. Metabolic rate before and 
after drinking water was established In large and small eaters. 
bU 
Figure 11 Experimental Plan for the thermic effect of meal. 
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Table 21 Nutrient Contents of Complan per 1008 
Protein 20g 
Fat 16g 
Carbohydrate 54g 
Vitamins ) 
Minerals ) lOg 
Trace Elements ) 
Energy 1850 kJ 
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Table 22 Physical Characteristics of Lean Large 
and Small Eaters 
Category Age Weight % Body Dietary Intake 
L/S Eaters* (Years) (kg) Fat kJ/day 
51 22 59.45 16.60 8252 
S2 28 55.4 16.75 4973 
S3 22 65 13.5 5891 
Ll 27 71.1 17.25 13541 
L2 22 66.25 16.00 13799 
L3 21 65.2 14.00 15602 
L4 23 70.9 13.50 14922 
L5 23 60.2 15.25 11515 
*L= Large Eater 
*5= Small Eater 
Mean Physical Characteristics of Lean Large and Same Eaters 
Small Eaters Large Eaters Unpaired t-test 
n=3 n=5 
Age 24.00+3.46 23.2+2.28 not significant 
Weight (kg) 59.95+4.81 66.73+4.51 (P<0.05) 
% Body Fat 15.58+ 1.80 15.2+ 1.51 not significant 
Dietary Intake 
Large eaters (n'= 5) consume 13875.8 kJ/day (3303.8 kcal) while 
small eaters (n = 3) consume 6372 kJ/day (1517 kcal) (P<0.005). 
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Figure 13 Resting metabolic rate before and after a meal 
in eight lean subjects 
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Figure 14 
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Table 24 Test Meal - Mean resting metabolic rate (V02 ml/min) 
in eight lean subjects 
Subjects Mean Fasting RMR Mean RMR 
(n = 8) before meal after meal (n = 8) 
51 231.5 311.21 
52 151.1 233.55 
S3 201.9 289.6 
L1 195.65 357.75 
L2 228.4 287.7 
L3 212.9 294.7 
L4 291.0 367.8 
L5 165.4 263.7 
n=8 
X= 209.7 300.7 
SD = 43.25 44.83 
SEM = 15.30 15.85 
Paired t-test (P<0.005) 
(S = Small Eater, L= Large Eater) 
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Table 25 Control - Mean RMR (V02 ml/min) in eight 
lean subjects 
Subjects Mean Fasting RMR Mean RMR (n = 8) (n = 8) before water after drinking water 
Si 244.2 + 23.7 228.4 + 5.92 
L2 
S2 167.8+44.8 
53 234.8 + 15.6 
L1 270.1 + 38.6 
177.65 + 17.65 
223.8+4.98 
271.1 + 4.3 
231.7+41.2 282.2+17.2 
L3 222.2+48.4 230.0 + 21 
L4 325 + 43.6 333.8 + 6.12 
L5 219.2+99 217.4 + 10.96 
n=B 
X= 239.37 245.5 
SD = 45.04 48.10 
SEM = 15.92 17.00 
Paired t-test: not significant 
(S = Small Eater, L= Large Eater) 
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Table 26 Metabolic rate (V02 ml/min) in lean large 
and small eaters 
Large Eaters Small Eaters 
Time (min) End of Tests (Mean) (n = 5) SEM (Mean) (n = 3) SEM 
30 
60 
90 
120 
150 
180 
1 
(fasting) 
MEAL TAKEN 
2 
3 
4 
5 
218.61 + 46.7 
304.0+55.4 
323.4 +54 
327.9+41.3 
312.7+41.3 
20.8 194.83 + 40.6 23.6 
24.8 265.15 + 53.3 30.7 
24.2 275.5+41.8 24.2 
18.5 292.8 + 34.8 20 
24.6 290.3 + 41.5 
6 313.74 + 45.6 
210 7 304.5 + 39.1 
24 
20.4 275.6 + 45.2 26 
17.5 269.5 + 35.5 20.5 
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RESULTS 
The results established post-prandial thermogenesis In lean subjects in 
response to 100g of Complan. The mean fasting resting metabolic rate for the eight 
subjects was 209.7 + 43.2 oxygen (ml/min) and this increased to 300.7 + 44.8 
(ml/min). (P<0.005). 
A rise of 43.4% of the fasting resting metabolic rate was observed after 
ingestion of Complan. A control was set up where water of equal volume as the 
meal was consumed. For the Control the mean fasting RMR was 239.3 + 45 (ml/min) 
before drinking water and 245 + 48 (ml/min) after drinking water. The difference 
was not significant. 
Post-prandial peak response was obtained after 90 minutes of the consumption 
of the meal. The result was re-analysed for large (n = 5) and small (n = 3) eaters 
(Table 26). Fasting RMR was 194.83 + 40.6 oxygen (ml/min) in small eaters and 
218.66 + 46.7 (ml/min) in large eater (Table 27). When expressed as 02 ml/kg body 
wt/hr, it was 178.03 + 49.9 in small eaters and 195.74 + 33.8 in large eaters. 
Differences were not significant (Table 28). 
When the peak RMR obtained during the test for each subject was considered, 
large eaters had a mean peak RMR of 335 + 41.00 02 (ml/min) It was 299.4 + 39 
(ml/min) in small eaters. The difference was however not significant. When the 
result was analysed as 02 ml/kg body weight/hr it became clear that there was no 
difference whatsoever in the peak RMR between the two groups. It was 299.23 + 
26.440 2 (ml/min) in small eaters and 300.32 + 17.55 In large eaters. 
Mean RMR (02 ml/min) was 278 + 40.11 In small eaters and 314.32 + 45.8 In 
large eaters. When expressed as 0 2/kg body weight/hr, it was 278 + 31.9 in small 
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eaters and 281.48 + 23.41 in large eaters. (Tables 29 & 30). 
2.4 Discussion 
The thermic effect of food Is the effect on resting metabolic rate of a 
particular meal, which is maximal within about an hour of that meal and has 
virtually disappeared by four hours after the meal. (Garrow 1974). There Is a rise in 
energy expenditure shortly after the ingestion of food, representing 10% or more of 
the total calories consumed (Bray 1976). The Increase in energy expenditure is 
probably due primarily to the metabolic cost of transporting and converting the 
absorbed nutrients into their respective storage forms (Jequier, 1984). 
The contribution made to total daily energy expenditure is variable depending 
on the habitual daily energy Intake and possibly the proportion of respective 
nutrients namely fat, protein and carbohydrate. In this study, TEF was 
demonstrated In eight lean male subjects after 12 hours of overnight fast. The 
average post-prandial Increase In metabolic rate for 3 hours was 43.4% after the 
subjects consumed a Complan drink with energy content of 1856 kJ (444 kcal). 
Many other workers have demonstrated TEF In lean people, although the 
degree of thermic response differs. An average post-prandial Increase in metabolic 
rate of 43.4% Is high. Bradfield at al (1973), in a study of four obese women on a 
weight reducing regime found a thermic effect of about 70% when a meal which 
provided 50% of the maintenance calories was given. This represented 17% of the 
dose calories. These values for thermic effect are very large and this Is mostly 
because they were calculated as percent Increase of the lowest value for basal 
metabolic rate for each subject. 
The mean post-prandial Increase of 43.4% In metabolic rate over three hours 
in this study accounted for energy value of 327.8 kJ (78 kcal). This is 17.6% of the 
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total energy of the meal consumed. Assuming this value Is applicable for all food 
consumed by the large eaters, an overall thermic response of food consumed could 
be estimated to be 2119 kJ (504.5 kcal). If this value was considered its contribution 
to total energy expenditure would be significant. If this rate of heat output is 
maintained in lean people after eating, then TEF may contribute to the reason why 
lean large eaters observe energy balance at high habital intake level. 
Yudkin et at (1958) quoted a figure of 85 kJ/day in excess of requirement as 
being able to increase weight by 0.9 kg over a year. It has been suggested that 
defective thermogenesis may be a cause of obesity (James, 1979). If this were so, 
and if no thermogenesis occurred following food consumption in the obese, then an 
equivalent of the heat lost in lean people during food consumption will be stored in 
the obese. This would incur a positive energy imbalance of 800 kJ/day in people on 
daily intake of 8,000 kJ (assuming post-prandial increase of 10% in metabolic rate). 
In a year using Yudkin's figure, this would explain a weight gain of 8.5 kg. 
However, many controversies surround the position of thermic response In the 
obese. Strang & McCluggage (1931) carefully examined energy expenditure 
following a test meal fed to obese (18-60% overweight), normal (+15% from ideal 
weight), and thin subjects. These authors concluded that no differences exist 
between lean and obese patients In the dissipation of energy following ingestion of a 
meal. However, other workers have reported differently, Pittet et al (1976) have 
demonstrated that after glucose load of 50g, metabolic rates increased 13.0 + 1.5% 
in the control and only 5.2 + 1.3% In the obese. James et al (1979) have also 
demonstrated that in lean group thermic response was 21.2% compared to 9.6% In 
the obese group. They concluded that there Is a reduced thermogenic potential on 
the part of the obese. 
The role played by the TEF in the aetiology of obesity is then not yet known. 
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All workers however support the fact that in lean people there is a thermic response 
to food. 
The results obtained In this study were analysed taking the dietary intakes of 
the subjects. into consideration. Subjects were classified as large or small eaters. 
The object of this analysis was to determine whether there was a difference In the 
thermic response of the two groups. As the dieatry intakes of the large eater was 
double that of the small, the data was examined to see If at all this had any effect 
on thermic response in the two groups. The small eaters had a lower RMR and 
hence subsequent values of post-prandial RMR were below that of large eaters. 
However, the difference was not significant (Figure 14). The thermic response was 
similar for both groups. The results obtained here supported that of Rose & 
Williams (1961). They carried out metabolic studies on lean large eaters (31000 
kJ/day) and small eaters (6400 kJ/day), of which they reported that though variation 
between individuals was wide, the group means for large and small eaters were 
"identical". 
The study of York et al (1980) however Indicates otherwise. Large eaters 
(n = 8) consuming between 13591 - 18254 kJ/day and small eaters (n = 8) consuming 
5415 - 7046 kJ/day were used. They reported that RMR was similar In both groups, 
but the TEF was larger in the large eaters. A closer look at the subjects In York 
et al (1980) study showed that the large eaters had 13.6% body fat while small 
eaters had 22.5% body fat, although both groups had the same lean body mass. In 
my own opinion, I doubt whether the small eaters In this study can be classified as 
"lean". Hence, the depressed thermic response they observed may be that observed 
by other workers In the obese, not truly an observation of the reduced thermic 
effect In lean small eaters. 
No differences were found during the study of resting metabolic rates, 
73 
exercise metabolic rate and metabolic mixtures between large and small eaters. 
From my study, it seems to be that the difference in the dietary intakes of large and 
small eaters, though huge, was still unable to effect a considerable weight gain in 
the large eaters. Looking at the high thermic response of the lean subjects in all, it 
might be that the TEF, at the end of the day, is higher for the large eaters 
consuming 13875 kJ in a day, and comes to 2422 kJ (576 kcal) (assuming 17.6% 
thermic response as demonstrated in this study); whereas, in small eaters (6372 
kJ/day) it comes to 1121.5 kJ/day (267 kcal). Although large and small eaters had 
the same thermic response to a standard meal, because large eaters consume more 
than small eaters, they are bound to have lost at the end of the day a greater part of 
this energy excesses due to TEF. It is possible that this might be how at habitual 
intake levels, both lean large and lean small eaters maintain their body weight. 
During overfeeding however, for both large and small eaters, when energy intake is 
in excess of habitual Intake, then possibly, a phenomenon called "luxusconsumption" 
is evoked. This is the long term component of dietary Induced thermogenesis. 
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3.2 24-hour energy expenditure in lean large and small eaters 
3.2.1 Methods 
The monitoring of 24-hour energy expenditure in lean large and small eaters 
was based on heart rate recordings. It is well known that conditions of increased 
energy expenditure are associated with Increased heart rate. Increased energy 
expenditure involves increased oxygen consumption and hence increased oxygen 
transport by the blood. Carrow (1974) pointed out that in normal circumstances, and 
for any one subject, there is a close relationship between heart rate and oxygen 
consumption. 
In this experiment, food energy intakes of the experimental subjects were 
assessed as before and the subjects subsequently classified as large or small eaters. 
Anyone consuming below 10,000 kJ was classified as a small eater and anyone 
consuming above 10,000 kJ as a large eater. 
The height, weight and age of the subjects was recorded. Percentage body fat 
was determined using skinfold measurements (Durnin & Womersley, 1974). Physical 
characteristics of subjects are given In Table 33. 
24-hour heart rate recordings were made using a heart rate recorder - Medilog 
(Appendix C). The Medilog heart rate recorder was calibrated against the Morgan 
Respirometer for heart rate reading using an ECG simulator. A heart rate simulator 
was connected to both the respirometer and the heart rate recorder. The simulator 
was set to a pulse rate of 120 beats per minute and connected to the Medilog for 
eight hours. The simulator was also connected to the respirometer for 12 minutes 
(equivalent to 12 hours of Medilog recordings). 
An actual heart rate of 120 beats/min on the ECG simulator produced 117.4 
beats/min on the respirometer while a reading of 118.5 beats/min was recorded on 
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the Medilog. An appropriate correction factor was used in subsequent analysis of 
the results. 
A calibration plot correlating heart rate against oxygen consumption for each 
subject was derived using the Morgan respirometer. Heart rate and oxygen 
consumption were determined at four levels of activity: 1) Resting, 2) EMR at work 
load of I kg, 3) EMR at work load of 1 kg and 4) EMR at work load of 2 kg. A 
constant speed of 16 kph was maintained during exercise, and the duration of each 
activity was three minutes. Energy Expenditure (kJ/day) was derived as described in 
Appendix C. 
76 
Table 33 Physical characteristics of male subjects 
Age (year) Weight (kg) Height (m) % body fat 
L1 27 83.9 1.86 23.6 
L2 24 92.9 1.85 15.25 
L3 19 75.8 1.87 15.75 
L4 19 74.3 1.83 19.5 
L5 23 68.8 1.80 17.2 
L6 26 61.5 1.68 18.0 
S1 24 72.7 1.75 19.2 
S2 29 56 1.63 16.7 
53 26 53.2 1.68 15.1 
S4 20 61.3 1.77 14.2 
Table 34 Mean physical characteristics of experimental subjects 
Unpaired 
Large eater (n=6) Small eaters (n=4) t-test 
Weight (Kg) 60.8+ 8.6 71.2+8.49 (p<0.05) 
Age (year) 24.75 + 3.77 23.00+3.4 N. S. 
% body fat 16.33 + 2.2 18.22+3.04 N. S. 
Energy Intake 
The average energy Intake (kJ/day) of large eaters was 13005 and that of small 
eaters was 7529.2. 
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Figure 16 Heart rate and oxygen consumption at rest and 
during exercise in small eaters 
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3.2.3 Results 
Table 36 Mean heart rate over 24 hours and oxygen 
consumption (ml/min) in large and small eaters 
Subjects Heart rate Mean oxygen 
consumption (mi/min) 
S1 B5.68 240 
S2 78.42 250* 
S3 70.66 -* 
S4 74.82 288.4 
L1 73.09 570 
L2 84.3 290 
L3 69.58 200 
L4 73.13 326.7 
L5 76.23 420 
L6 80.7 215.1 
*Because of missing data oxygen consumption during exercise in this small eater 
was determined from the regression line of heart rate against oxygen consumption 
during various activity in the small eaters. The same procedure could not be used 
with subject 53 because the heart rate values were so low when compared with the 
regression line and it gave an unrealistic assessment of energy expenditure, it is 
probable that the heart rate recorder did not make a complete recording of heart 
beat. 
Table 37 Daily energy expenditure (kJ/day) In lean large and 
small eaters 
Subjects Lean small eaters Subjects Lean large eaters 
Si 7257.6 L1 17236 
S2 7560 L2 8770 
S3 - L3 6048 
S4 6653 L4 9888 
n-3 
X= 7156.8 
SD = 461.8 
L5 12701 
L6 6506 
n=6 
X= 10191 
SD = 3847 
Unpaired t-test - not significant at p<0.05. 
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Table 38 Energy intake (kJ/day) against energy expenditure 
(kJ/day) in large and small eaters 
Dietary intake Energy expenditure (kJ/day) 
Si 6461 
S2 
S3 
S4 
L1 
L2 
L3 
L4 
L5 
L6 
7257.6 
4973 7560 
9913 
8770 6653 
15745 17236 
11515 8770 
15383 6048 
11944 9888 
12092 12701 
11350 6506 
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3.2.4 Results 
The mean daily energy expenditure of lean large eaters was 10191 kJ/day, and 
small eaters was 7283 kJ/day. Due to wide inter-subject variation and small 
numbers of subjects the difference In the energy expenditure In both groups was not 
significant at p<0.05 however, the difference was significant at p<0.1. In the large 
eaters, the average expenditure was 78% of their dietary energy intake, this 
percentage was 95% in the small eaters. 
3.2.5 Discussion 
It is very difficult to make accurate measurements of energy intake or 
expenditure of people going about their normal lives. In the study of energy 
balance, it is always necessary to be able to do this as accurately as possible. It 
requires an imbalance of 1-2% between average intake and output over a few years 
to have serious medical consequences Garrow, (1974) said "we must look for very 
sensitive methods of measuring energy intake and output which must be able to 
reveal an imbalance of this level". The present methods probably are liable to 
errors much greater than this Imbalance thereby making it very difficult to apply 
some of these techniques adequately to the study of energy balance. 
The major reason why a 24 hour energy expenditure experiment was carried 
out in lean large and small eaters was I believe it to be more representative of the 
energy expenditure status in these groups of experimental subjects than short-lived 
measurements of resting metabolic rate or exercise metabolic rate. 
24 hour energy expenditure appeared to be higher in large eaters than small 
eaters. (p<0.1), though the result was not significant at p<0.05 level. 
In all the previous experiments reported in this thesis, the small eaters 
consistently tended to have a lower metabolic rate as is seen in the 24 hour 
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metabolic rate study. Usually the difference between the two groups was of the 
order of 11-25%. 
However, the dietary intake of subjects established by 7-day weighed food 
survey, indicated much greater differences in energy intake between the two groups. 
James (1984) reported similar findings. 
We can only conclude that the difference in energy intake which we 
established in the subjects was unreal. For this reason and because of the problems 
of getting large numbers of subjects needed to demonstrate statistical significance 
in the results, we decided to move to a more rewarding area of investigation. 
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CHAPTER FOUR 
WEIGHT LOSS, METABOLIC RATE AND OTHER 
PARAMETERS IN OBESE SUBJECTS ON A VERY 
LOW CALORIE DIET 
4.0 Introduction 
4.1 Methods 
4.2 Physical characteristics of subjects 
4.3 Results 
4.4 Discussion 
CHAPTER FOUR 
WEIGHT LOSS, METABOLIC RATE AND OTHER PARAMETERS IN 
OBESE SUBJECTS ON A VERY LOW CALORIE DIET 
4.0 Introduction 
If changes in metabolic rate are part of the mechanism whereby body weight is 
controlled understanding the metabolic rate adaptation associated with reduced 
intake could advance the study of problems of weight regulation. 
We decided to investigate metabolic rate adaptation in obese people on a very 
low calorie diet (VLCD). 
In this study, weight loss, metabolic rate and other biochemical parameters 
were established in the obese subjects taking VLCD for four weeks. Metabolic rate 
was measured over a longer period for up to 17 weeks In some of the obese subjects. 
4.1 Methods 
The very low calorie diet 
The VLCD used was Univite 330. (Univite Nutrition Ltd. Amersham, England). 
It is a diet powder and a daily serving of 100g contains 1386 kJ (330 kcal) of which 
42g is protein, 35g is carbohydrate and 3g Is fat. The daily serving contains 100% of 
the recommended daily allowance of vitamins and minerals. 
A plan of the experimental procedure is given in Figures 17 and 18. The 
physical characteristics of the obese subjects is given in Tables 39 and 40. 
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Experimental Design 
Figure 17 Study 1, VLCD in nine obese women 
Parameter monitored Week 0 Week 1 Week 2 Week 3 Week 4 
Dietary Survey Habitual dietary 
intake (food 
weighed & recorded 
for five days) 
Resting metabolic 
rate 
on very low calorie diet 
/* //// 
Body weight / //// 
Blood tests ///// 
Urine tests / 
Orel Glucose 
tests 
iiii 
///// 
ECG / ii/ 
Figure 18 Study 2, VLCD in six obese diabetic women 
Parameter monitored Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 
Habitual on very low calorie diet 
diet 
Resting metabolic 
rate 
Body weight 
Blood tests 
Urine tests 
I//// 
////// 
////// 
////// 
*(/) - Parameters monitored once a week. 
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Dietary Survey 
The subjects were given a dietary record sheet to record their daily food and 
drink intakes for five days before going on to the powdered diet. They were supplied 
with Sohnle digital electronic scales to weigh the food and they were given 
instruction sheets on how to do this. Because the diet powder only came in vanilla 
flavour the subjects added other flavouring materials such as cocoa powder, stock 
cubes and were given a notebook to record these. 
Weight - (kg) was monitored once a week. 
Resting Metabolic Rate 
Oxygen consumption was measured for 20 minutes in the subjects at rest in an 
air conditioned room (22.5°C - 24.5°C) between 9 and 10.30 a. m. using an automatic 
respirometer. (P. K. Morgan Ltd, Kent, see Appendix A). Subjects were allowed to 
rest comfortably in a chair for at least five minutes before measurements were 
taken. 
Electrodes were attached to the subjects for heart rate recordings. 
Blood Tests 
Blood samples were obtained from the subjects once a week throughout the 
period of study. The blood samples were analysed for the following: - potassium, 
sodium, glucose, total protein, cholesterol, triglycerides, albumin, urea, creatinine, 
ß-OH butyrate and uric acid. 
In the study involving the nine obese women, glucose tolerance test (with 75g 
glucose equivalent -HYCAL-) was carried out in Week 0 and in Week 4. A polythene 
cannula was inserted in the anterior cubital vein. 10 ml of blood were taken out at - 
10,0,15,30 
, 45,60,90 and 120 minutes. Out of the 10 ml, 1 ml was kept in fluoride 
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oxalate treated containers for measurement of blood glucose, the remainder was 
spun in an MSE Minor Centrifuge for five minutes and the plasma was frozen 
immediately and used for subsequent insulin analysis. No GTT was conducted for 
the six obese diabetic women, but their plasma glucose was monitored weekly. 
Urine Test 
In the study of the nine obese subjects on the VLCD, one 24 hour urine 
collection was made each week. However, in the study involving the six obese 
diabetics, volunteers were given two urine sample bottles and one container. Two 
24 hour urine collections were made each week of the study. The subjects were told 
to record the volume of the first 24 hour urine collection by marking the level on 
the container and labelling it Day 1. A small sample of this collection was then 
retained in the sample bottled supplied. The same procedure was repeated for urine 
collected on the second day. The urine samples collected in both studies were 
analysed for nitrogen, urea, creatinine and glucose. 
Urinary Nitrogen (g/day was determined using Kjeltec System. (see Kjeldahl 
procedure in Appendix B). 
Urinary Creatinine (mmol/L) was determined by Cobas-Bio, a centrifugal analyser 
(Roche Products Ltd. Garden City, Herts) (details are given In Appendix D). 
Urinary glucose (mmol/L) was determined by Cobas-Bio analyser based on the 
enzymatic determination of glucose with hexokinase In the urine sample. (details 
are given in Appendix D). 
The proportion of protein, fat and carbohydrate oxidised at rest was determined in 
the nine obese subjects from respiratory gas analyses using Consolazio's equation 
(1963). 
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4.2 
Table 39 Physical characteristics of nine obese women 
on a very low calorie diet 
Subject Age (years) Height (m) Weight (kg) Body mass Index* 
A 27 
B 33 
C 33 
D 49 
E 22 
F 33 
G 53 
H 50 
I 36 
1.62 87.0 
1.54 110.0 
1.63 129.5 
1.70 78.0 
1.62 80.0 
1.60 95.0 
1.58 116.0 
1.58 101.5 
1.57 92.5 
33 
46.4 
48.4 
26.9 
30.5 
35.9 
46.5 
40.4 
37.2 
Body Mass Index = Weight (kg) 
2(Durnin & Wormersley, 1974) Height (m) 
Table 40 Physical characteristics of six obese diabetic 
women on a very low calorie diet 
Subject Age (years) Height (m) Weight (kg) Body mass Index* 
1 50 1.52 66.5 
K 45 1.60 92 
L 61 1.62 89 
M 45 1.73 100 
N 57 1.65 111 
P 52 1.74 154.1 
28.6 
35.8 
33.6 
33.5 
40.7 
50.5 
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Table 46 Mean fat, carbohydrate and protein (g/min) utilised 
in nine obese subjects before and during the use of a VLCD 
Week 0 Week 1 Week 2 Week 3 Week 4 
Fat (g/min) 0.134 0.143 0.132 0.127 0.131 
Carbohydrate (g/min) -0.015 -0.04 -0.069 -0.05 0 
Protein (g/min) 0.031 0.031 0.021 0.024 0.026 
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Figure 19 Body Weight (k q) in nine obese women before and 
during four weeks on a very low calorie diet 
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Figure 21 Metabolic Rate (V02 ml/min) in nine obese women 
before and during four weeks on a very low calorie diet 
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Figure 22 Metabolic Rate (V02 mi/min) in six obese diabetic 
women before and during four weeks on a very low calorie diet 
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Figure 23 Plasma Sodium and Potassium (mmol/L) in nine obese 
women before and during four weeks on a very low calorie diet 
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Figure 24 Plasma Sodium and Potassium (mmol/L) in six obese 
diabetic women before and during four weeks on a very 
low calorie diet 
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Figure 25 Serum Albumin and Plasma Total Protein (g/L) 
in nine obese women before and during four weeks on a 
very low calorie diet 
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Figure 26 Serum Albumin and Plasma Total Protein (g/L) 
in six obese diabetic women before and during four 
weeks on a very low calorie diet 
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Figure 27 Plasma Urea (mmol/L) and Plasma Uric Acid (mmol/L) 
in nine obese women before and during four weeks on 
a very low calorie diet 
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Figure 28 Plasma Urea (mmol/L) in six obese diabetic women 
before and during four weeks on a very low calorie diet 
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Figure 29 Oral Glucose tolerance in nine obese women before 
and during four weeks on a very low calorie diet 
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Results 
Weight Loss 
The mean weight loss in the nine obese women was 7.3 kg (SEM = 1.2 kg). The rate 
of weight loss per week was 1. ß kg. The lowest weight loss was 2 kg over the four 
weeks while the maximum weight loss recorded in one of the women was 14.5 kg. 
(Figure 19) 
In the study involving six obese diabetics an average weight loss of 5.8 kg was 
obtained. (SEM = 1.49 kg). The rate of weight loss being 1.45 kg per week. Looking 
at individual weight loss, a woman with Initial weight of 154.1 kg lost a total of 11.1 
kg while in one of the women who did not adhere strictly to the diet weight loss was 
0.8 kg over the period of the study. (see Figure 20). 
Resting Metabolic Rate 
In the study involving the nine obese women, the resting metabolic rate (Week 
0) was 287 ml oxygen/min. This level was maintained during the first week on the 
VLCD. In Week 2, the RMR dropped by 17% (P<0.025). This compares with the 
result obtained in the six obese diabetic women where RMR fell by 14% in the first 
week of dieting (P<0.050). (Figures 21 and 22). 
In both studies, the rate of resting metabolism was around 6.3 kJ (1.5 
kcal)/min at the start of the study and It was around 4.2 kJ (1.0 kcal)/min during the 
use of a VLCD. In the fourth week of the study of the nine obese women, RMR was 
increased. Also, in the study of the six diabetic women, RMR was increased in the 
fifth week. In both studies, after four weeks on the VLCD, and before RMR 
measurements were carried on the subjects, some of them had gone back to eat 
food. 
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In the study of nine obese women, a bank holiday interrupted the timely 
measurement of the RMR, while in the study of the six obese diabetic women, some 
of them went onto food before we had time to determine their RMR. 
Long term metabolic rate measurements were carried out on some of the 
obese women (Table 43). The overall result is difficult to interpret as some of the 
subjects did not turn up for metabolic rate measurements at required time. In the 
two subjects who were followed-up though to week 17, there was no indication that 
RMR was permanently reduced after the period on VLCD as sole nutritional intake. 
Missing data meant that an overall picture of the long term RMR measurement 
could not be well established. 
Metabolic Mixture 
Protein utilisation in Week 0 was 1.86 g/hr. In Weeks 2 and 3, protein 
utilisation was significantly reduced. The level was 1.2 g/hr in Week 2 and 1.44 g/hr 
in Week 3. Fat was the most utilised of nutrient throughout the study. The level 
ranged between 7.62 - 8.04 g/hr. Calculations showed a negative carbohydrate 
consumption (Table 46). The implication of this is discussed later. 
Sodium and Potassium 
The normal range accepted as a reference value* were as follows: - 
Reference value (sodium) = 139 - 152 mmol/L 
Reference value (potassium) = 3.5 - 5.2 mmol/L 
The reference values were those used by the Department of Chemical 
Pathology at St. Lukes Hospital where the samples were analysed. 
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The plasma sodium and potassium levels before and during the very low calorie 
diet were within the normal range and no changes were observed in the blood 
electrolytes during the studies on the nine obese women and six obese diabetic 
women. The results were plotted as shown in Figure 23 and 24. The level of plasma 
sodium in both studies ranged between 140 and 144.6. The plasma potassium was 
within 3.73 and 4.16 mmol/l. 
Serum Albumin (gll) and Plasma Total Protein (g/1) 
The normal range accepted as a reference value were was follows: - 
Reference value (serum albumin)= 30 - 42 g/l 
Reference value (plasma total protein = 60 - 82 g/l 
The values obtained for the serum albumin and plasma total protein were 
within the reference range in both studies before and after the very low calorie diet. 
(see Figures 25 and 26). The plasma serum albumin level in the study of nine obese 
subjects was 36.3 (g/1) in Week 0,35.3 g/1 in Week 1, It was back to 36.4 g/1 In Week 
2 and in Week 4 it was 34.0 g/l. Total plasma protein level was 73 (g/1) at the start 
of the study, it then was increased to 79.8 in Week 1, however, In Week 2, the level 
was lower at 77.3 and 75.2 in Week 3. Finally In Week 4, the level was 76.5 g/l. 
There was no statistically significant changes in the levels of both serum 
albumin and plasma total protein before and during the use of the VLCD in the six 
obese diabetic women. 
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Plasma Urea and Plasma Uric Acid 
The normal range accepted as a reference value were as follows: - 
Reference value (plasma urea) = 2.5 - 6.5 mmol/l 
Reference value (plasma uric acid) = 0.1 - 0.4 mmol/l 
Plasma urea level was within normal range in both studies and there was no 
change in its level before and throughout the time they were on 
VLCD. 
Plasma uric acid level was within normal range and no significant changes 
were recorded in its level over the period of the study involving the nine obese 
women. 
Glucose 
The normal range accepted as a reference value was as follows: - 
Reference level = 2.5 - 4.7 mmol/l 
In both studies, the initial plasma glucose was high. In the nine obese subjects, 
the initial level was 5.7 mmol/l, at the end of the third week of dieting, the level 
was 4.9 mmol/l but this change was not statistically significant. The level of 
glucose in the six diabetic women was very high at an intial level of 17.16 mmol/l in 
Week 0. By the second week, the level has fallen to 10.4 mmol/l (P<0.05) and it 
remained at this lower level. A significant improvement in the plasma glucose level 
of the diabetic dieters was achieved. 
There were no observed changes in the levels of plasma triglyceride or 
cholesterol during the studies on the nine obese women. In the six obese diabetics, 
the level of plasma ß-OH butyrate was measured. ß-OH butyrate level were high In 
the first week of the study. The plasma level of the B-OH butyrate increased from 
0.087 mmol/l (SEM = 0.005) in Week 0 to 0.83 mmol/l (SEM = 0.051) in the first week 
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of the dieting. (P<0.05). The high level was not maintained, for in Week 3, the level 
of ß-OH butyrate dropped significantly to 0.403 mmol/l (P<0.05). It stayed at this 
level throughout the rest of the study. 
Glucose Tolerance Test (GTT) 
The oral glucose tolerance improved in the nine obese women after four weeks 
on the VLCD. (Table 50 and Figure 29). No GTT was conducted in the second study 
on the six diabetic women. 
Urinary glucose 
In the six diabetic women urinary glucose level which was initially at 34.88 
mmol/l (SEM = 2.99) was lowered to 10.6 mmol/l (SEM = 6) in the second week 
(P<0.05). It remained at this level throughout the study. 
Urinary Creatinine 
In both studies, the level of urinary creatinine remained unchanged after 
VLCD. Low values were recorded in the six obese diabetic women. 
Urinary Nitrogen 
In the nine obese women , urinary nitrogen excretion on habitual diet was 7.21 
g/day. In the first week on VLCD it was 6.52 g, in the second week it was 5.11 
g/day and in the third week was 5.44 g/day. 
Assuming the cutaneous and faecal loss of nitrogen is 1g/day, then, in the first 
week, on VLCD, on average, 7.52 gN was lost from the body. As daily intake of 
nitrogen was 6.72 g, then average negative N balance was 0.8 g/day. In the second 
week, it is estimated on average there was positive N balance of 0.61 g. The same 
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was applicable to Week 3. In the nine obese subjects, nitrogen equilibrum was 
established in the second week. 
In the study of six obese diabetic women, 42 g of protein was supplied daily, 
creatinine levels were very low and indicate that the 24 hr collection of urine were 
incomplete and hence the urinary nitrogen values are unreliable. 
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4.4 Discussion 
The obese women and obese diabetic women demonstrated the well- 
documented reduction in metabolic rate which is associated with energy restriction. 
(Benedict et al, 1919; Keys, at al, 1950; Apfelbaum, et al, 1971). Decrease in RMR 
expressed as 02 ml/kg body weight/hr means either a loss of lean body tissue or 
economy of energy utilisation brought about by a reduction in metabolic rate per 
unit of body tissue weight. However, the low urinary nitrogen excretion values 
obtained during the use of a VLCD indicate that only a small amount of lean body 
tissues was lost and the RMR reduction is mostly as a result of economy in 
metabolic rate per unit of body tissue weight. 
It is possible to conclude from the studies of starvation and semistarvation by 
Benedict, et at, (1919), and Keys at al, (1950) that adaptive mechanisms not only 
spare the lean body mass, but also modify the efficiency with which calories are 
utilised. 
Once the obese women and the obese diabetic women went back to eat food 
after the last week of the study, RMR was increased. In some of the obese subjects, 
long term metabolic rate was measured. Once they resumed eating, the metabolic 
rate/kg body weight/hr appeared to be higher than it had been prior to weight loss. 
This is to be expected as the proportion of body fat (with its relatively low 
metabolic rate) had decreased. 
Metabolic mixture at rest In the nine obese women was monitored. Protein 
utilisation (g/hr) was significantly reduced during the use of the VLCD. Fat was the 
most utilised nutrient during the study. Other workers have reported similar 
findings. Buskirk, at at, (1963) performed an analysis of energy balance of several 
obese subjects and reported that fat was the major source of fuel when energy was 
restricted. Van Gaal, et al, (1985) have also reported Increased fat utilisation in the 
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obese on VLCD. Calculations on the results of this study showed a negative 
carbohydrate consumption. A negative sign appeared by the mechanics of the 
calculation from the equation used. Passmore, 
(1963) in a study, obtained a negative 
fat consumption, this he said, indicated the formation of fat from carbohydrate. 
The converse is possibly true for a negative carbohydrate utilisation, indicating the 
formation of carbohydrate from fat. 
During energy restriction, the triglyceride stores in the adipose tissue are 
mobilised by hydrolysis to fatty acid and glycerol: the fatty acid are transported 
to 
other tissues to provide a fuel of respiration. The glycerol is transported to the 
liver and kidneys where it acts as a very Important gluconeogenic precursor. 
Assuming an average loss of 2 kg of body fat a week during the use of the 
VLCD this will increase the carbohydrate pool by 32 g/day*. This value makes use 
of the assumption that all the glycerol released In lipolysis was utilised In 
gluconeogenesis. A total of 67 g of carbohydrate is available daily to the body, and 
this could be used by glucose-dependent tissues In the body which Include the brain, 
nerves, red blood cells, kidney medulla and testis. 
The evidence of this study is that the economy which occurs when food intake 
is low is achieved by economising on protein turnover. This is supported by the fact 
that protein utilisation is lower when the obese women were on the VLCD and also 
by the reduction in metabolic rate. Brooke & Ashworth, (1972) found there was 
little increase in post-prandial metabolic rate In malnourished Infants examined as 
soon as possible after admission to hospital. Picou & Taylor-Roberts (1969) reported 
a higher rate of protein synthesis in malnourished children than In those who had 
recovered. Their findings have been challenged by Waterlow, et at, (1981). They 
(* Details of calculation is given in appendix F). 
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stated that the "malnourished" children in Picou & Taylor-Roberts report were not 
studied until initial investigations had been done, and were infact entering the 
recovery phase and were receiving an intake in excess of their maintenance 
requirements. Waterlow, et al, (1981) concluded that part of the saving in energy 
expenditure state can be accounted for by the decrease in protein turnover. 
Is the increased metabolic rate following over-eating due to increased protein 
turnover? In children recovering from malnutrition, the increase in RMR after a 
meal may be as much as 30%. and this reflects increased protein turnover. (Brooke 
& Ashworth, 1972). We have found increased protein utilisation and excretion in 
lean large eaters over that of small eaters. (Chapter 2). Pregnancy is particularly 
interesting in this respect because at the same time as there is a reduced protein 
turnover and efficient protein utilisation there is also a raised metabolic rate. From 
early pregnancy the overall balance of nutrient utilisation Is re-set in favour of 
anabolism. A more economical use of nutrients Is achieved by two ways: first, by 
increasing the proportion of the ingested nutrient that is absorbed (minerals in 
particular), and secondly, by suppressing the catabolism of nutrients and thus 
reducing protein turnover. These metabolic changes, which are induced by hormones 
secreted by the feto-placental unit (Naismith, 1980) may be regarded as adjustments 
made to existing homeostatic mechanisms that prevent the excessive 
accummulation of energy and the various nutrients in the non-gravid state. 
During the first two weeks of pregnancy in the rat, when the competition from 
the conceptus for the amino aicd supply is insignificant, protein Is stored in the 
maternal muscle. This anabolic phase then gives way to a catabolic phase, when 
rapid growth of the conceptus occurs. The maternal protein store is broken down 
and the amino acids are transferred to the uterus (Naismith, 1966; Naismith, 1969; 
Naismith & Morgan, 1976). In this way, approximately half the protein cost of 
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pregnancy is met. Evidence for the operation in women of a similar cycle of protein 
storage followed by protein breakdown has been obtained. (Naismith, 1981). 
If there is an increase in food intake, then usually there is an increase in 
protein intake and protein turnover and thus energy efficiency is decreased. Is 
dietary thermogenesis increased when excess of other nutrients, for example, fat 
and carbohydrate are fed? 
Miller &Payne, (1962) fed baby pigs on a diet that was either high or low in 
protein. The pigs on the low (2 percent) protein diet ate 5 times as many calories as 
the pigs eating the high protein diet, yet the body weight were the same. They 
claimed that differences in carcass composition or activity could not have been 
enough to account for the stability of body weight in the face of these large 
differences in calorie intake. 
Luxusconsumption in man and rats has also been shown on diets that are very 
low in protein. (Willer, et al, 1967; Stirling & Stock, 1968). Sims (1976), when 
feeding extra carbohydrate, found human subjects gained less weight than those fed 
on equivalent calorie excess but less carbohydrate and more fat. It Is likely that 
these high carbohydrate regimes altered turnover of nutrients other than protein and 
so increases in protein turnover cannot be responbsible for luxusconsumption In 
these cases. Substrate cycling can occur within tissues or between tissues. The 
inefficient pathways associated with luxusconsumption (Chapter 1) may arise 
because the large substrate supply either directly from absorbed or Indirectly from 
increased turnover of nutrients swamps the efficient pathways of ATP production. 
An example of more wasteful pathways as a result of Increased supplies of substrate 
is lipogenesis. 
Lipogenesis is limited by the supply of reduced NADP. Reduced NADP is 
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generated by the hexose monophosphate pathway. If lipogenesis were to proceed at 
rates only limited by the supply of substrate, the demands on the hexose 
monophosphate pathway would be so great that less glucose would be routed through 
the glycolytic chain and the Kreb's cycle, this would lead to restricted ATP 
production. Cellular ATP levels appear to be maintained at all costs, and thus, when 
the substrate supply for lipogenesis is large, the extra reduced NADP required is 
generated by the malate shunt. The malate shunt is less efficient and generates 
more heat. In this case homeostatic mechanisms for maintaining cellular ATP levels 
together with an increased supply of nutrients result in less efficient lipogenesis. 
This view is supported by the evidence that heat production arising from the 
synthesis of fat from carbohydrate is an energy costly process. Approximately 20% 
of the total energy that is available from carbohydrate oxidation is lost as heat as 
carbohydrate Is converted to fat, (Naismith, 1981) and the fat Is then oxidised to 
provide energy. Naismith, at al, 1981 postulated that the difference In the 
metabolic handling of carbohydrate might account for the ease with which some 
people gain weight, and experiments on matched lean and obese subjects confirmed 
that obese people tend to be "cabohydrate conservers" whereas well-fed lean people 
tend to be "carbohydrate converters". 
This observation might also explain the constancy of body weight in lean large 
and small eaters. We found increased fat utilisation during exercise in large eaters 
over small eaters in Chapter 2, though the difference was not significant, if it were, 
it might just be that lean large eaters are "carbohydrate converters" while small 
eaters are "carbohydrate conservers". 
In the study involving the nine obese women the average weight loss was 7.3 kg 
over the period of study. The minimum weight loss recorded was 2 kg and the 
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maximum weight loss was 14.5 kg. In the study involving six obese diabetic women, 
weight loss was 5.8 kg over the study period. Maximum weight loss over the same 
period was 11.1 kg. Atkinson, et al, (1981) reported a study of 12 weeks. They 
observed a mean weight loss of 1.56 kg per week over 12 weeks. Di Base, at at, 
(1981) reported a mean weight loss of 14.6. kg in a group of obese patients over a 
period of five to eight weeks. 
There were no changes in the level of plasma electrolytes after the use of the 
VLCD. Di Base, et al, (1981) have reported the levels of haematocrit, haemoglobin 
and serum electrolytes were unchanged after the use of VLCD. Our studies 
confirmed these observations. McLean et al, (1974) have also observed this in 44 
obese patients on a VLCD. 
In the six obese diabetic women, normal range of blood glucose level was 
restored, there was a decrease in the urinary glucose level. In the nine obese 
women, glucose tolerance was improved after the VLCD. ß-OH butyrate level was 
significantly increased during the first week on the VLCD. This observation had 
been reported by Hoffer, et al, (1984). They reported B-OH level being 0.12 mmol/l 
in the control period which increased to 1.9 mmol/1 in the third week of dieting with 
a VLCD. Other blood and urine parameters observed did not show any abnormalities 
after the use of the VLCD. 
The weight changes and metabolic parameters measured Indicated the safety 
and efficacy of VLCD over the 4 to 6 week period studied. 
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CHAPTER FIVE 
SURVEY OF 855 SLIMMERS ON A 
VERY LOW CALORIE DIET 
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social science (SPSS) 
5.1.3 Sample selection 
5.2 Results 
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CHAPTER FIVE 
SURVEY OF 855 SUMMERS ON A 
LOW CALORIE DIET 
5.0 Introduction 
Dietary treatment of obesity was carried out on 9 obese women and 6 obese 
diabetic women taking a VLCD (Chapter 4). The VLCD (Univite 330) was also 
available to the public and many obese people have used the diet to achieve weight 
losses. 
In this study, a survey was carried out to look into the maintenance of weight 
loss and other factors in some of the obese dieters. 
5.1 Methods 
5.1.1 The Questionnaire Design 
The questionnaire was designed to determine the weight loss and maintenance 
of weight loss. The questionnaire consisted of three sections A, B and C. 
Section A 
Questions in Section A were designed to discover how the diet was used, the 
rate of weight loss, well-being and changes in dietary habits after the VLCD use. 
Questions relating to the importance of lay support was also asked. 
Section B 
Questions in Section B asked for information on past dieting history. 
Section C 
In this section, physical characteristics, diagnosed medical disorders and daily 
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physical activity patterns were requested. 
5.1.2 Questionnaire and statistical package for social sciences (SPSS) 
The decision to analyse the result of the survey using SPSS was taken at the 
onset of the study. The SPSS is an integrated system of computer programmes 
designed for the analysis of social science data. The system provides a unified 
computer package that enables the user to perform many different types of data 
analysis in a simple and convenient manner. SPSS allows a great deal of flexibility 
in the format of data. It provides the user with a comprehensive set of procedures 
for data transformation and file manipulation, and it offers the researchers a large 
number of statistical routines commonly used in the social sciences. (see 
Appendix E). 
5.1.3 Sample Selection 
Univite 330 is only sold to the public via advisors who have personally used the 
regime. The list of all the advisors operating at that time was provided from the 
Company (Univite Nutrition, Amersham, England). Three thousand names were 
supplied. In order to obtain a representative sample of two thousand advisors a 
computer program was written to randomly generate numbers from 1 to 3,000. The 
list of advisors from the Company was then numbered 1 to 3,000 and the table of 
random numbers was used to select at random the first 2,000 advisors. 
This was followed by writing to all these advisors explaining the survey and 
their role in making it a success. At the outset of the study it was decided to look 
at relatively long term users. Advisors were requested to ask the next person buying 
the third can of Univite 330 for their personal use to complete the questionnaire. 
The other questionnaires remaining should be completd by the next people who are 
buying the fourth or more cans of Univite 330 for their personal use. (Refer to 
instruction sheet in Appendix E). The five questionnaires along with the instruction 
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letter were sent out to each of the chosen two thousand advisors. A period of two 
weeks was allowed within which they must see to the completion of the 
questionnaires and have them mailed to the Biochemistry department at the 
University of Surrey, Guildford. At the time of the study it was not known how 
many clients each advisor would see in two weeks who fell into the categories 
specified. 
Return of the completed questionnaires 
The timing of the Survey coincided with a national scarcity of the VLCD 
because of a massive increase in sales. Many advisors tried in vain to obtain stocks 
for their dieters. At the close of the survey, 855 completed questionnaire (8.5% of 
total questionnaires sent out) have been returned. SPSS was used to analyse the 
results of the survey. The mode of operation of the SPSS is discussed in Appendix E. 
121 
5.2 Results 
Eight hundred and fifty-five dieters returned their questionnaires completed. 
88.5% were women, average age of respondent was 41 years. 
The survey indicated that VLCD was used as a "sole source" of nutrition in 
40.5% of the dieters. Others have a meal or two meals of the diet per day in 
addition to eating food. 
The frequency of the answers to the questionnaire are given in pages 124 to 
133. Crosstabulations between different questions are given in Tables 51-82. 
Weight loss and maintenance 
Weight loss of dieters on the VLCD ranged from 6 kg to 60 kg. Many of the 
dieters had been able to maintain their weight losses for a very long time. Length 
of the period of maintenance of weight loss was a year in 11.1% of the dieters 
surveyed with one dieter maintaining weight for eighteen months. Body mass index 
of the dieters before and during the use of the VLCD is shown in Figure 30. 
The number of dieters in the acceptable body mass index (BMI less 30), 
increased from 236 before dieting to 410 after using the diet. This is an increase of 
73.7%. Before dieting, 559 had a BMI between 31 and 55, after using the VLCD, this 
decreased to 373. A decrease of 33%. Similarly there were 13 dieters with BMI 
over 55 before they started using the VLCD, but there were no dieters in this very 
obese range after dieting. For most dieters, the ultimate goal is that of reaching 
their target weight. In this survey, some of the dieters (13.8%) had reached their 
target weight with the aid of the VLCD, for the rest who were still using the diet, 
96.4% of them believed that they would reach their target weight through the use of 
the VLCD. Most dieters had also indicated that they found It easier to lose weight 
with the VLCD. 
Those who felt well while using the VLCD were more likely to believe they 
could use the diet to achieve their target weight, (Table 55) and also found weight 
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maintenance easier (Table 74). Of those dieters who had achieved their target 
weight, there was no sex difference In the ease with which they found they could 
maintain their target weight. (Table 62). A higher proportion of female dieters 
continued to use the VLCD for weight maintenance (Table 77). Most dieters 
reported a change in their dietary behaviour after the use of the VLCD. (page 128). 
Doctors involvement 
Dieters are recommended to see their doctor before starting the diet. Only 
23.9% of the respondents sought the advice of their doctor before dieting, however 
of those who consulted their doctor, 70.9% were actively encouraged and only 4.7% 
were discouraged. A crosstabulation of body mass index of dieters by doctors' 
comments revealed that no dieter with BMI under 25 was encouraged. Active 
encouragement was given to dieters wiTH BMI over 25. (Table 67). 
Those dieters who consulted their doctor before using the diet were more 
likely to notice improvement in their health (Table 53) and were more likely to feel 
well (Table 54). Doctors were no more likely to give active encouragement to male 
or female slimmers, but 5% of the women that went to see their doctor were 
discouraged from slimming (Table 59). Maybe there were some women who do not 
need to lose weight and were wisely discouraged to do so. A higher proportion of 
those who consulted their doctor used the VLCD as"sole source", (Table 79) 
indicating that the doctors did not strongly recommend against the use of the diet as 
"sole source". Not all those who had been medically diagnosed as having conditions 
listed as contra indication to VLCD consulted their doctor before taking VLCD 
(Table 82). THere were no great differences in the frequency of side effects 
between those that consulted their doctor and those that did not. (Table 81). 
Well-being and Health 
Many dieters noticed improvement in their health. Although the majority of 
dieters did feel well while using the diet, (page 127) some did experience side 
effects. 
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These included hunger, headache, constipation, bad breath and dizziness, however 
the side effects were not considered serious by the respondents because only 2.8% 
consulted their doctor about the side effects. The side effects differed according to 
whether the diet was taken "sole source" or whether additional food was added. 
Hunger and weakness were most commonly found In those that were not on "sole 
source" and dizziness, bad breath, nausea and headache were more common among 
those that used the diet as their sole source of nutrients. (Table 63). There was a 
different pattern of symptoms in men and women, with women much more likely to 
suffer from headache and suffer nausea while on "sole source" whereas men were 
more likely to feel hungry and weak, while on "sole source" (Table 66). A higher 
proportion of those that felt unwell while using the VLCD suffered the side effects 
except for constipation. Also those that felt quite well were more likely to suffer 
side effects than those that felt well and less likely to suffer side effects than those 
who did not feel well. (Table 73). 
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Percentage of responses in various categories of 
855 slimmers on a very low calorie diet (Univite 330) 
Section A 
1. Who recommended Univite 330 to you? 
% 
Other 
A relative 15.1 
A friend 43.5 
An acquaintance 8.3 
A doctor 1.5 
A nurse 2.0 
A health visitor 1.9 
You responded to an advertisement 19.8 
8.0 
2. Did you consult your doctor before starting Univite 330? 
Yes 23.9% 
No 73.7% 
If the answer to Question 2 was YES: 
What was your doctor's attitude? 
Active encouragement 70.9% 
No comment 23.8% 
Discouragement 4.7% 
4.0 Have you been taking Univite 330 as your sole source of food? 
Yes 40.5% 
No 55.2% 
4.1 As you answered YES to Question 4, for how long have you 
taken Univite as your sole source of food? 
1 week 8 
2 weeks 16 
3 weeks 49.4 
4-6 weeks 11.4 
Over 6 weeks 14.32 
4.2 After taking Univite 330 for 3 weeks as your sole source of food, did you take a meal in addition to Univite for 1 week? 
Yes 88.9% 
No 11.0% 
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855 slimmers on a very low calorie diet (Univite 330) 
4.3 If you answered YES to Question 4.2, did you 
(A) Go back to taking Univite 330 as your sole source of food? 
17.3% did 
If so, for how long? 
or (B) 
% 
1 week 1B. 9 
2 weeks 17.5 
3 weeks 52.0 
Over 3 weeks 11.4 
Continue to take 3 meals of Univite and food 
7.9% did 
If so, for how long? 
1 week 16.1 
2 weeks 10.3 
3 weeks 22.0 
4-6 weeks 14.7 
Over 6 weeks 36.7 
(C) Go back to taking food only 
If so, for how long? 
1 week 
2 weeks 
3 weeks 
4-6 weeks 
Over 6 weeks 
4.2% did 
11.1 
11.1 
5.5 
27.7 
44.4 
5.0 As you did not take Univite 330 as your sole source of food, how 
many meals of Univite did you take per day? 
1 meal 22.3% 
2 meals 53.1% 
3 meals 18.8% 
5.2 For how long did you add other food items to Univite? 
1 week 7.7 
2 weeks 10.7 
3 weeks 18.9 
4-6 weeks 25.6 
Over 6 weeks 37.0 
126 
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855 slimmers on a very low calorie diet (Univite 330) 
6. How many calories do you estimate were in the additional 
meals and drinks (per day)? 
10 - 100 6.6 
100 - 400 43.4 
400 -800 39.6 
800 -2000 10.2 
7.3 How would you describe the role of your Univite Advisor in 
achieving your weight loss? 
(a) Very important 44 
(b) Fairly important 33 
(c) Not very important 12.7 
(d) Of no importance or relevance 3.6 
(e) Never had an advisor 6 
B. Have you reached your target weight taking Univite 330? 
Yes 13.8% 
No 86.1% 
10. Do you believe that you can use Univite 330 to achieve your 
target weight? 
Yes 96.4% 
No 3.5% 
11. Have you found maintaining your target weight - 
Easy 14 
Easier with Unvite 72.6 
Difficult 6.5 
Very difficult 6.8 
12. Have you put any weight back on since reaching your target 
weight? 
Yes 52.6% 
No 47.3% 
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13. Do you still use Univite 330 to maintain your weight? 
Yes 89.0% 
No 10.9% 
14. Did you feel well on Univite 330? 
Yes 88.8% 
No 1.3% 
Quite 9.8% 
15. Have you noticed any improvement in your health since taking 
Univite 330? 
Yes 71.1% 
No 28.8% 
16. Did you experience any of the following symptoms while taking 
Unite 330? (Ring more than one if necessary). 
% Who answered Yes 
Hunger 33.3 
Dizziness 13.0 
Weakness 6.3 
Bad breath 18.1 
Nausea 9.6 
Headaches 31.7 
Constipation 36.0 
Other (please specify) 3.2 
17. Did you need to consult your doctor with any symptom(s) which developed while taking Univte 330? 
Yes 2.7% 
No 97.2% 
18. Did you like the taste of Univite? 
Very much 
Quite nice 
Acceptable 
Not very much 
Dislike 
21.2 
33.9 
36.3 
7.1 
1.3 
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Percentage of responses in various categories of 
855 slimmers on a very low calorie diet (Univite 330) 
19. Do you like the following flavours? -% response 
Very Quite Accept- Not Don't know 
much nice able very Dislike (haven't 
much tried it) 
Vanilla (18.2) (24.9 (25.1) 11.2 8.0 12.3 
Strawberry 22 21.8 18.0 9.5 14.4 14.0 
Chocolate 31.3 26.0 14.3 8.0 7.4 12.8 
Chicken & 11.0 10.3 13.7 8.3 29.1 27.3 Herbs 
Butterscotch 10.0 11.4 15.3 10.4 21.3 31.5 
20. Have your dietary habits changed since taking Univite 330%? 
Yes 79.7% 
No 20.2% 
If YES, do you eat more or less of these foods?: 
Bread - white 
- wholemeal 
Potatoes 
Vegetables - green 
- pulses (peas, beans, lentils) 
- roots (e. g. carrots) 
Fruit 
Milk 
Cream 
Cheese 
Yoghurt 
Eggs 
Meat 
Butter and margarine 
Biscuits 
Sweets, puddings and disserts 
Alcoholic beverages 
Fried foods 
Fish 
Nuts (including Peanuts) 
Crisps 
More Less Same 
0.2 51.0 
21.9 33.6 
1.6 59.6 
37 9.9 
13.2 22.7 
26.3 13.3 
42.0 8.9 
1.6 51.3 
0.6 58.7 
4.3 49.6 
11.5 32.6 
6.3 41.1 
6.2 40.3 
0.7 59.9 
0.6 65.4 
0.2 65.1 
0.9 42.2 
0.2 63.5 
21.5 19.6 
2.7 49.2 
0.9 59.2 
5.3 
13.5 
10.3 
24.9 
29.0 
30.5 
23.3 
19.1 
8.2 
17.0 
22.1 
24.6 
26.0 
12.6 
5.5 
4.9 
25.7 
5.4 
30.6 
15.9' 
7.5 
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Section B 
22. Have you tried to lose weight before? 
Yes 94.8% 
No 5.1% 
If YES, which of these methods did you use to lose weight? 
Response 
Reduction in food intake 72.6 
Wiring of the jaws 0.0 
Increasing daily activities 16.4 
Joined a commercial slimming 38.2 
establishment 
With dietary advice from your 23.7 
doctor 
Psychological conditioning 4.0 
By use of drugs 16.3 
By surgery 0.0 
High Protein Diet 24.6 
High Fibre Diet 35.2 
Low Carbohydrate Diet 29.0 
Other methods not mentioned above 6.7 
23. Did you find It easier to lose weight taking Univite than with 
previous methods? 
Yes 93.9% 
No 6.0% 
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25. How long did you maintain this weight loss? 
Dieters that managed to maintain their weight loss, did so over 
a period ranging from one week to ninety-nine weeks (only one 
person maintained weight for ninety nine weeks). 8.5% 
maintained weight for 2 weeks 5% maintained for 3 weeks, 10% 
for 4 weeks, 5.9% for 6 weeks, 7.3. % for 8 weeks, 12.7% 
maintained their weight loss for 12 weeks and 11.1% maintained 
weight loss for a year (52 weeks). 
26. What was your family's attitude toward your previous 
attempt(s) to lose weight? 
Active encouragement 53.0% 
Disinterest 27.7% 
Discouragement 4.1% 
Other (please specify) 15.2% 
27. What is your family's attitude toward your attempt to lose 
weight using Univite? 
Active encouragement 75.1% 
Disinterest 12.2% 
Discouragement 1.3% 
Other (please specify) 11.5% 
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Section C 
29. Age: Mean = 41 years (STD Deviation = 15) 
30. Sex: Male = 11.5% Female = 88.5% 
32. Why do you want to lose weight? (Ring more than one reason if 
appropriate): 
% Response 
For health reasons 68.2 
Look more attractive 69.0 
For fitness 67.4 
Social Pressure 7.3 
Other - please specify 2.9 
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33. Have you been medically diagnosed as having any of the 
following disorders? 
% 
Diabetes treated with insulin 0.2 
Diabetes treated with drugs taken 0.6 by mouth 
Heart disease: High blood pressure 12.7 
Angina 2.1 
Heart attack 1.9 
Other heart disease 1.1 
Stroke 0.2 
Hypoglycaemia 0.5 
Gout 0.8 
Gall Stones 4.2 
Liver disease 0.7 
Chronic infections 0.7 
Kidney disease 1.9 
Anorexia Nervosa 0.4 
Other diseases 2.3 
35.0 Do you know why you are overweight? 
Yes 89.3% 
No 10.6% 
If YES, which of these reasons explain your condition? 
I overeat 
I do not exercise 
I have a low metabolic rate 
Other 
58% 
28.8% 
38.2% 
2.8% 
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36. Do you eat more or less food than your thinner friends? 
More 19.8% 
Less 34.9% 
Same 26.7% 
Don't know 18.5% 
37. How many units of alcoholic beverages do you consume a week? 
(A unit of beverage is one glass of wine, half-pint of beer, or 
one single measure of spirits) 
None 38.7% 
1 unit per week 31.7% 
7 units per week 19.4% 
More than 7 units per week 9.9% 
38.0 Do you take any form of exercise regularly? 
Yes 54.7% 
No 45.3% 
38.1 Please specify type of exercise: 
% Response 
Running 
Jogging 
Brisk walking 
Swimming 
Cycling 
Tennis 
Yoga 
Aerobic exercises 
Exercises with machines 
Other 
1.5 
2.3 
30.6 
13.5 
6.3 
1.8 
4.1 
9.2 
6.4 
4.8 
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Table 51 Crosstabulation of doctors comment and 
body mass index of dieters who did not use 
the diet as their sole source of nutrients 
Number of VLCD meals/day 
Body mass index 
before dieting 12 3 
20 - 25 11 
15 1 
26 - 30 31 79 30 
31 - 35 33 84 27 
36 - 40 25 60 21 
41 - 45 12 18 7 
46 - 50 1 14 2 
51 - 55 142 
56-60 012 
61 - 65 010 
66 - 70 000 
Over 70 000 
Table 52 
Crosstabulation of the body mass index and whether the respondnets consulted 
their doctors before embarking on the VLCD. 
Body mass Doctor consulted? 
index 
Yes No 
20 - 25 2 31 
26 - 30 26 167 
31 - 353 54 187 
36 - 40 37 127 
41 -45 34 51 
46 - 50 25 14 
51 - 55 96 
56 - 60 81 
61 -65 31 
66 - 70 -- 
Over 70 1- 
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Table 53 
Crosstabulation of dieters who consulted their doctors before using the diet by 
health improvements noticed in their health since taking the VLCD. 
Health Improvements 
Yes No 
Doctor consulted? 
Yes 81 18.3 
No 67.4 32.3 
Table 54 
Crosstabulation of whether dieters consulted their doctors and how well they 
felt on the VLCD. 
Feelwell 
Yes No Quite 
Doctor consulted? 
Yes 91.2 1.5 7.4 
No 87.1 1.3 10.6 
Table 55 
Crosstabulation of how well the respondents felt on the VLCD by their belief 
in using the diet to achieve their target weight. 
Target Weight? 
Yes No 
Feelwell 
Yes 98.1 1.85 
No 45.5 54.5 
Quite 89.4 10,5 
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Table 56 Range of the weight lost while on Univite 330 
Weight lost (range) stone Number of dieters 
< 1.00 271 
1.00 - 2.00 511 
2.01 - 3.00 80 
3.01 - 4.00 31 
4.01 - 6.00 17 
6.01 - 8.00 3 
8.01 -10.00 1 
Over 10.00 4 
Table 57 Body mass index of slimmers before and after 
taking Univite 330 
Body mass index Before dieting After dieting Target Body mass index 
(no. of slimmers) (no. of slimmers) (no. of slimmers) 
20-25 32 ( 3.9)* 128 (16.3) 240 (30.3) 
26 - 30 204 (25.3) 282 (36) 414 (52.4) 
31 - 35 249 (30.8) 199 (25.4) 99 (12.5) 
36 - 40 169 (20.9) 105 (13.4) 35 (4.4) 
41 - 45 85 (10.5) 46(5.8) 2(0.25) 
46-50 40(4.9) 18 (2.2) 
51 - 55 16 (1.9) 5 (0.64) 
56 - 60 9(1.1) 
61 - 65 3 (0.37) 
66-70 - 
Over 70 1 (0.12) 
TOTAL 807 ** 783 ** 790 ** 
*( ) expressed as a percentage of total response. 
"Obese" range is taken to be above body mass of 30 
** not all respondents completed the questions from which this data is 
collated hence the difference In totals. 
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Table 58 
The crosstubulation of sex of dieters by the source of recommendation of the 
diet. 
Sex 
Male Female 
Source of recommendation 
Relative 69.6 30.33 
Friend 42.9 57.1 
An Acquaintance 52.00 48.00 
A Nurse 50.00 50.00 
A Health Visitor 36.00 64.00 
You Responded to - 
an Advertisement 42 58 
Doctor 40.00 60.00 
Table 59 
Crosstabulation of the sex of dieters and the attitude of their doctors when 
consulted before using the VLCD. 
Sex 
MALE 
FEMALE 
Table 60 
72 28 0.0 
71 24 5 
Crosstabulation of the sex of dieters by whether they took the VLCD "sole 
souce" to diet. 
Solsource 
Yes No 
Sex 
Male 
Female 
Doctors attitude 
Active No comment Discouragement 
encouragement 
22.8% 
45% 
77.1% 
55% 
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Table 61 
Crosstabulation of the sex of dieters by whether they consulted their doctors 
on any symptoms which developed while they were using Univite. 
Doctor consulted for symptoms? 
Yes No 
Sex 
Male 2.4 97.6 
Female 2.93 97 
Table 62 
Sex of dieters crosstabulated by how easy they found maintaining their weight. 
Ease of maintaining weight 
Easy Easier with Univite Difficult Very Difficult 
Sex 
Male 13.9 77.3 5.6 2.83 
Female 14.5 72.5 5.88 7 
Table 63 
A crosstabulation between 'solesource' and the symptoms that developed while 
taking Univite the dieters. 
Symptoms 
Hunger Dizziness Weakness Bad Nausea Headache Constipation 
Breath 
Solsource 
Yes 47.6 61.8 45 64 
No 52.4 38.2 55 36 
60 62 51 
40 38 49 
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Table 64 
Crosstabulation of sex of dieters crosstabulated by symptoms they experienced when 
using the diets. 
Hunger Dizziness Weakness Bad Nausea Headache Constipation 
Breath 
MALE 55 44 47 40 35 37 42 
FEMALE 45 56 43 60 65 63 58 
Table 65 
Crosstabulation of the sex of dieters and the need to consult their doctors for any 
symptoms which arose while taking the VLCD. 
Need to consult doctor for symptoms? 
Yes No 
Sex 
Male 2.4 97.6 
Female 2.9 97.1 
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Table 66 Crosstabulation of sex by symptoms of those using the 
VLCD diet "sole source" 
Symptoms 
Hunger Dizziness Weakness Bad Nausea Headace Constipation 
Breath 
Male 57.2 46.4 62.5 54 28 40 46.4 
Female 42.8 53.5 37.5 46 72 60 53.5 
Table 67 Crosstabulatlon of doctors comment by body mass 
index of respondents before dieting 
Doctors attitude 
Body mass index Active encouragement No comment Discouragement 
20-25 -- 
26 - 30 15 6 
31 - 35 33 17 
36 - 40 29 9 
41 -45 30 2 
46 - 50 19 5 
51 - 55 82 
56 - 60 53 
61 - 65 1- 
66 - 70 -- 
Over 70 1 
2 
1 
1 
Table 68' Crosstabulation of the number of meals of Univite per 
day taken by whether dieters consulted their doctors 
before dieting 
Doctor consulted? 
Yes No 
Meals 
1 15.4 84.6 
2 21.5 77.8 
3 26.0 74.0 
40 100 
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Table 69 
The role of an advisor by whether they took Univite sole source. 
Advisor 
Very Fairly Not very Of no Never had 
important important important importance advisor 
Solsource 
YES 46.8 31.5 12.1 3.8 4.0 
NO 40.3 32.6 12.7 3.4 8.1 
Table 70 Crosstabulation of whether diet was used "sole source" by attainment of 
target weight. 
Target Weight 
Yes No 
Solsource 
YES 14.2 85.8 
NO 13.7 86.3 
Table 71 Crosstabulation of how many meals of the VLCD were 
consumed daily and the doctors attitude 
Doctors attitude 
Active encouragement No comment Discouragement 
Meals 
1 60.00 30.00 10.00 
2 71.4 22.2 6.0 
3 75 25 1 
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Table 72 
Crosstabulation of how well dieters felt on Univite by whether the respondent 
had Univite as the only source of food. 
Solsource 
Feetwell Yes No 
Yes 42.55.5 
No 45.5 54.5 
Quite 34.1 62.2 
There was no one pattern of result. 42% of those who felt well on Univite were 
on it "solesource". This compares with 45.5% of those who did not feel well on 
Univite but still took it as their sole source of food. 
Table 73 
A crosstabulation of whether dieters felt well on the VLCD by symptoms 
experienced. 
Symptoms 
Hunger Dizziness Nausea Headaches Constipation 
No Yes No Yes No Yes No Yes No Yes 
Feelwel! 
Yes 67.0 33.0 88.8 11.2 91.3 8.7 70.1 29.9 63.7 36.3 
No 36.4 63.6 63.6 36.4 54.5 45.5 27.3 72.7 63.6 36.4 
Quite 59.8 40.2 72.0 28.0 84.1 15.9 53.7 46.3 56.1 43.9 
Table 74 
A crosstabulation of whether dieters flet well on the VLCD by the ease of 
maintaining weight. 
Weight maintenance 
Easy Easier with Univite Difficult Very difficult 
Feelwell 
Yes 5.40 (14.5) 27.7 (74.6) 2.0 (5.3) 2.0 (5.3) 
No 9.1 (20) 9.1 (20) 18.2 (40) 9.1 (20) 
Quite 2.4 (7.5) 20.7 (65.5) 2.4 (7.5) 6.1 (19.3) 
()- expressed as % of total response 
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Table 75 
The crosstabulation of those that consulted their doctors prior to starting the diet 
by whether they consulted their doctor for any symptoms that developed while on the diet. 
Doctor consulted for symptom 
Doctor consulted Yes No 
Yes 4.9 92.2 
No 1.4 92.9 
4.9% those who consulted their doctors had the need to go and see their doctor 
for symptoms that developed while taking the diet. 92.9% of those who consulted 
their doctor previous to taking Univite did not have to see their doctors for any 
symptoms while taking Univite. 92.9% of those who did not bother to consult their 
doctor did not have any symptoms. 
Table 76 
Sex of dieters by how well they felt during the use of the VLCD. 
Feelwell 
Yes No Quite 
Sex 
Male 89.8 1.14 8.9 
Female 88.6 1.4 9.6 
Table 77 
Sex of dieters by whether they still use Univite. 
Still use 
Yes No 
Sex 
Male 74.1 25.8 
Female 91.3 8.6 
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Table 78 
Crosstabulation of those who used the diet "sole source" and the source of 
recommendation of the diet. 
Whorec Health 
Solsource Relative Friend Acquaintance Doctor Nurse Visitor Advert 
Yes 14.1 35.9 11.3 3.1 2.2 1.6 31 
No 518.7 54.5 7.8 0.4 2.2 2.4 14 
Table 79 
Crosstabulation of whether doctor was consulted before dieting by whether diet was 
used "solesource". 
Solsource 
Yes No 
Consdoc 
Yes 57.7 42.2 
No 37.0 62.9 
Crosstabulation of how they like the taste of Univite by whether they have 
observed any improvement in their health. 
Table 80 Health Improvement? 
Like taste 
Very much 83.6 16.4 
Quite nice 78.2 21.7 
Acceptable 61.5 38.4 
Not very much 50.8 49.2 
Dislike 36.4 63.6 
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Figure 30 Body mass Index of 855 dieters before and after 
using a very low calorie diet. 
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5.3 Discussion 
This large scale survey of users of VLCD supported the earlier study (Chapter 
4) which indicated that substantial weight loss can be achieved using this method of 
dieting. Similar findings have been reported by other workers. (Atkinson, et al 
1981; Di Base, at al 1981; Genuth, et al, 1978; Howard, 1981). 
The success of the programme could also be seen by the change in the body 
mass index of dieters before and during the use of VLCD. An increase of 73.7% was 
observed in the number of people in the acceptable body mass index range after the 
use of the diet. 
Health and well being of dieters on the VLCD was good. They noticed 
improvements in their health, though minor side-effects like headache, constipation 
and hunger were reported. Howard (1981), Genuth et al, 1978, reported similar 
findings. 
Most of the dieters had a better and healthier eating habit after dieting. They 
ate more fruits and green vegetables and less cheese, butter and magarine. They 
also ate less sweets and fried foods. 
The role of lay support offered by advisors was crucial to the success of the 
dieters on the VLCD. The advisor was a source of constant encouragement for the 
dieters and most dieters valued their roles. Ashwell (1978) reported that during the 
treatment of obesity "Problems arise mainly because of the lack of willpower. One 
of the ways in which willpower can be strengthened is for the patient to feel that his 
or her progress is continually being monitored by other". The DHSS/MRC report, 
'Research on obesity' (1976), also concluded that "success appears to be greater if 
there is some interested, well-informed and reasonably sympathetic person to weigh 
the subject not less than once a month and preferably weekly'. 
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From the results of the survey, it can be said that dieters who lost weight on 
the VLCD did so without any major damage to their health, although it is advisable 
for potential users to seek their doctors approval before starting the diet in order to 
exclude those unfit to diet. They felt well and happy on the diet and the 
encouragement of a rapid rate of weight loss motivated them for eventual 
achievement of their desired weight loss. 
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CHAPTER SIX 
GENERAL DISCUSSION AND CONCLUSION 
It has been a frequent clinical observation that some individuals require more 
calories than others for maintenance of a similar body weight. It is also a common 
observation that some people eat heartily, never worry about their diet and yet 
remain thin, (the lean), while others gain weight readily unless they are continuously 
watching their diet. The difference between these two groups of people may be 
attributed to dietary induced thermogenesis with people who habitually overeat 
demonstrating increased metabolic rate in response to the high level of dietary 
intake. The investigations carried out in this study were undertaken to look into 
some aspects of this adaptive mechanism of lean and obese people during varying 
levels of dietary intake. 
Are different mechanisms responsible for the metabolic rate adaptation seen 
in underfeeding and overfeeding? It has been established that metabolic rate is 
increased during overfeeding. resulting In a diminished weight gain. (Miller and 
Mumford, 1967, Sim et al, 1968; Schultz et al, 1982). During energy restrictions, 
there is a reduction in RMR and this adaptive mechanism spares the loss of lean 
body tissue. (Benedict at al, 1971; Keys at al, 1950; Apfelbaum at al, 1971). 
The first study recorded in this thesis suggests that the mechanism responsible 
for the failure to gain weight during overfeeding (i. e. in the lean large eaters) are 
increased protein turnover and possibly an increase In the proportion of 
carbohydrate converted to fat and then subsequently oxidised. The energy cost of 
this conversion is very high as 20% of the total energy that is available from 
carbohydrate oxidation is lost if it is converted to fat. 
151 
Naismith et al. (1981) postulated that the difference in the metabolic handling 
of carbohydrate might account for the ease with which some people gain weight. 
Well-fed lean people, they claimed, tend to be carbohydrate 'Converters' (to fat) 
while overweight people tend to be carbohydrate 'Conservers' (as liver glycogen) 
When ingested glucose is absorbed and then directly oxidised, the increase in energy 
expenditure represents only about 1% of the glucose energy content, whereas, the 
cost of converting glucose to glycogen corresponds to about 5%. (Flatt, 1978). It 
then follows that possibly the lean large eaters in this study were carbohydrate 
converters and thereby were able to maintain weight at high dietary intake levels by 
expending a high proportion of this energy in the way they handle their nutrients. 
Small eaters may be termed as carbohydrate 'Conservers' whereby, they conserve 
carbohydrate as glycogen rather than converting it to fat and deriving a very 
substantial energy bonus from its ultimate oxidation. The size of liver glycogen is 
considerable, this being 108 g in a 70 kg man with liver weight of 1800 g. (Soskin 
and Levin, 1952). 
During the energy restriction in obese women reported earlier there was a 
reduction in the metabolic rate. This was associated with a decrease in protein 
turnover and because the women were provided with a food energy intake less their 
requirement, there was a marked increase in fat mobilisation and oxidation for 
energy. It is not possible with the metholodogy used to determine whether a higher 
proportion of the dietary carbohydrate was being oxidised directly and hence being 
used energetically efficiently. However, the studies Indicated that blood glucose 
level was maintained without excess tissue protein breakdown and this would suggest 
that carbohydrate was being conserved as carbohydrate for those tissues which use 
it preferentially. The study of Van Gaal et at (1981) established that fat is the most 
utilised nutrient during the use of VLCD and that lean body tissue is spared. During 
overnutrition In adults lean body mass does not Increase and the associated 
increased protein turnover, results In a decreased metabolic efficiency (Danforth et 
at, 1978). 
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In conclusion, it looks as though changes in protein turnover are an integral 
part of the metabolic rate adaptation to underfeeding and possibly overfeeding but 
the changes in the handling of carbohydrate and possibly associated substrate 
cycling make a major contribution to the increase in metabolic rate associated with 
overfeeding. Overfeeding with a high proportion of fat reduces the possibility for 
the inefficient conversion of carbohydrate to body fat and this may be one of the 
reasons high fat diets tend to lead to obesity. (Bray 1976; Van Itallie et al, 1975). 
Because studies designed to investigate the causes of obesity are difficult and 
maybe impossible or unethical to undertake on human subjects, much of the basic 
research in this area has been performed on laboratory animals. (Rothwell & Stock, 
1984). Most of the evidence for DIT and its biochemical origins has been derived 
from the results of such studies. 
It has been reported that obesity is a disorder of multiple aetiologies (Levin 
and Sullivan, 1984, Stock & Rothwell, 1982, DHSS/MRC report, 1976), but whatever 
the causes of obesity the health problems and the social disruption which may be 
associated with the condition demand that serious attempts must be made to treat 
the obese individual. 
The clinical studies of obese and obese diabetic women reported earlier 
demonstrate the safety and efficacy of the VLCD when used as directed. This is the 
overwhelming experience of more extensive studies. (Genuth, at al 1978; Di Blase 
et al, 1981; Howard, 1981; Atkinson, et al, 1981; Hickey, et al, 1981). 
The survey of 855 dieters who received relatively little clinical contact and 
were helped by lay personnel indicated that in such groups, weight loss can be 
achieved and lower weight maintained. Changes in dietary behaviour which included 
a reduction in consumption of high fat food and increased consumption of fruits and 
vegetables were observed in the respondents. It appears that once motivated by 
successful weight loss, changes in dietary behaviour are easier to achieve. 
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APPENDIX A 
THE MORGAN "DRAGON" GRAPHIC COMPUTERISED 
EXERCISE TEST MONITOR 
(P. K. MORGAN LIMITED, ANDOVER, KENT) 
The Morgan Exercise test system consists of a number of parts and accessory 
items. 
The main instruments are the "Dragon" graphic computer, the Anadex High 
Speed Printer, Rigel electro-cardioscope, oxygen and carbon dioxide analysers, 
ventilation monitor and gas mixing chamber. A complete console analyser with two 
side arms, a mobile computer plinth and mobile printer plinth (with rear paper 
holder) was also required. 
The major accessories were a volume turbine with low resistance valve, valve 
harness (1L), calibration syringe, calibrating bladder, a cylinder of gas mixture, 
mouthpiece, a nose clip, two bore hoses, one analyser tubing hose adapter an E. C. G. 
three lead capable, silver exercise electrodes (three per subject), print paper, soda 
lime, drierite methylated spirit. Also needed were heart rate simulator and hypo- 
chlorite solution. 
Preparation for Use 
Once all the connections had been made and the CO2 analyser, and 02 
analyser filled with fresh soda lime and drierite respectively the electrical power 
was switched on. 
The gas analysers required forty-five minutes 'warm up' before they became 
stable. No other parts of the Morgan system required a warm up period. 
Once the analysers were stable, the other instruments were switched on and 
the Exercise Programme Disc, inserted correctly into the Dragon" computer, with 
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the notch facing upwards. Care was always taken with 'floppy' discs as they were 
easily damaged. The visual display unit (VDU) then read: 
CAL - System calibration 
PAT - Patient data 
TST - Test programme 
ERD - Edit run data, etc. 
CAL (for system calibration) was entered in order to calibrate the system. 
(see Calibration). 
This done, the programme for test (denoted by TST) was loaded into the 
computer. (see TST). The set-up was then ready to conduct the test. 
Experimental Procedure: 
The subject already with electrodes attached was connected to the equipment 
by means of a mouthpiece. Once the subject was settled, a "start" button was 
pressed on the computer keyboards, and the run of the test was initiated. 
The display then stated; "There will be a one hundred and twenty second hold 
to allow the mixing box to purge and the analysers to settle". 
After the one hundred and twenty seconds was counted down on the display, 
the following parameters were given for the subject: - 
Time in mins 
Work in watts 
VE - Ventilation litres/min B. T. P. S. 
FR = Respiratory Rate/min 
FC = Cardiac Frequency/min 
VT = Tidal Volume mm/ml 
Fe Co2% = Volume % CO2 Expired 
Fe CO2% = Volume % 02 Expired 
V02m1 = Oxygen consumption mm/ml S. T. P. D. 
V02ml = Carbon Dioxide consumption mm/ml S. T. P. D. 
R= Respiratroy quotient 
O, P = ml/P oxyqen aulse. 
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The subject continued through the test procedure, until the test was curtailed 
by entering F (command for Finish). 
The subject remained connected for two minutes until the delay time had been 
reached. The computer then gave a printout of a variety of graphs, if required by 
entering the desired parameters (as X and Y axis). The computer then returned to 
MENU thereby allowing another test to commence when required. 
Hygiene 
Hygiene during the experiment was essential to prevent transmission of any 
micro-organisms, from one subject to another. 
Between each test the complete mouthpiece especially the rubber portion, was 
carefully sterilised in Hypochlorite solution which was diluted one to ten. The parts 
were then rinsed with clean distilled water and dried with clean dispensable towels. 
The mouthpeice and corrugated tubing, which trasferred the expiratory gases, 
were soaked overnight in the disinfectant to be thoroghly sterilised, and carefully 
drained before connection to the apparatus for subsequent use. 
The mixing box also required daily sterilising due to the condensation of 
expiratory fluid and saliva. This was soaked overnight in diluted Hypochlorite 
solution in a similar way, and dried with clean towels before reconnecting to the 
Morgan. 
Any tissues or towels that were used by the subjects during the experiment, 
were disposed of Immediately for Incineration, again for strict hygiene control. 
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SYSTEM CALIBRATION 
Cal Program Description 
A calibration program and procedure are of vital importance whenever a 
computer is asked to observe and report on a device from the real world. The 
computer cannot read the numbers on the meter readouts but through its analog to 
digital convertor (A to D) it counts digital "Ticks". When your ventilometer reads 
100 breaths, the computer may see a number of ticks in the order of 1000. When the 
ventilometer reads zero, the computer counts 56. The purpose of the calibration 
program is to Inform the computer that the difference between 1000 ticks and 56 
ticks is to be reported out as 100 breaths and to scale all other breath rate reports 
accordingly. This procedure is then repeated for all of the devices connected to the 
computer. The data is then used for the analyzer lag time measurement, calculation 
of temperature and saturation correction factors, and is subsequently stored on disk 
for later retrieval and use. 
PATIENT DATA 
Program Description 
This section of the program allows you to "enter in" patients biographical data, 
test environment data, measured pulmonary fuction data and post test manual entry 
options. 
From the various Inputs, predicted values and conversion factors are 
calculated and presented on the final report. 
RUN TEST 
TST Program Description 
This program performs the actual Intake of the subject's physiological 
responses to exercise. The computer samples Its analog to digital convertor every 
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one second in order to build up a data base of measured ventilation respiratory rate, 
heart rate, mixed expired oxygen percentage, mixed expired carbon dioxide 
percentage, workload and ear oximetry. All of these values are recorded as a set at 
a particular point in time, every five seconds, the computer coverts these raw 
readings to comprehensible numbers which are displayed on the screen. Every 
fifteen seconds, the computer prepares a full set of measured and calculated data 
which adds oxygen uptake, carbon dioxide production, and respiratory exchange 
ratios to the previously meausred data and prints all of these parameters on paper as 
the test progresses. 
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APPENDIX B 
URINARY NITROGEN ANALYSIS BY KJEDAHL TECHNIQUES 
The total nitrogen of the urine samples was determined using Kjedahl 
Procedure. This was done with the aid of Kjeltec System 1 (Tecator). 
The three stages of analysis were: 
(1) Digestion 
(2) Distillation 
(3) Titration 
Digestion 
The urine sample to be analysed was taken from the cold room and allowed to 
liquify. 3 mis of this was then pipetted into the Digestion tube, copper catalyst was 
added and 10 mis of conc. H2SO4 was added. 
When the samples were ready to be digested, the exhaust caps were placed on 
the Digestion tubes and then transferred to the pre-heated Digestion (temperature 
of operation was 420°C). The exhaust system was connected to tap water which was 
opened fully for the first 10 minutes of the digestion. The digestion procedure took 
roughly between 35-40 minutes to complete. After the Digestion was completed 
(colour change to light green observed), the digestion tubes with the exhaust caps in 
place were transferred oa stand located in front of the Digestor. They were then 
allowed to cool. The digested sample was diluted with 60 mis of distilled ater and 
transferred to the Distillation Unit. 
Distillation 
This was done with Kjeltec System 1002 Distilling Unit. The digestion tube 
was put In the appropriate portion on the unit. Also a receiver flask with 50 mis of 
4% Broic Acid (with bromocresol green amd methyl red as indicator) was placed in 
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position. 
Alkali handle was pressed to dispense 50 mis of 40% NaoH into the digestion 
tube. The steam value was then opened and the whiole set up timed. The end of 
distillation was signified by collection of 150 mis of the distillate. 
The distillate collected was titrated with 0.05M H 2SO4 using the Kjeltec 
titration unit (a multi burette). A blank reading was always obtained using no 
samples but catalyst and acid only. A standard was also carried out using 
(NH4)2SO4 of known concentration. Each urine sample was analysed twice and the 
average of two readings taken. 
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APPENDIX C 
The use of Medilog Heart Rate Recorder in determination of 24 hour 
energy expenditure 
The MR-10 Medilog tap recorder is a self-contained battery driven miniature 
tape recorder intended for ambulatory recording of bio-electric information on 
mobile subjects for up to 24 hours. Due to its small weight, it can be worn under or 
over clothing with little inconvenience. 
It records up to four events, however, in this case, only electrocardiogram 
(ECG) recordings were made. The MR-10 tape records at a speed of 2mm/sec on a 
C-120 cassette to give a 24 hour ECG recording. The comparible playback system 
used with the MR-10 recorder consisted of Oxford PB-2 cassette replay connected 
to NIC oscilliioscope which Is an SGC analyser. The cassette replay was also 
connected to a computer (Digital RXOZ MINC-11). The computer was linked to a 
visual dipslay unit (Digital VT 105), a printer (Digital Decwrite) and a plotter 
(Hewlett Packard). 
When ready to analyse, the replay was switched on and the "Play" button 
pressed. The cassette started to play back the recordings, the results were then fed 
into the oscilloscope, this In turn fed them into the computer. A programme named 
COL 3 CH was then input to analyse the ECG readings. The output appeared on 
the visual unit as continuous points of a disjointed line, each point or 'dot' 
represented a heart beat. The Decwriter IV Interpreted these dots as heart rates 
and hourly heart rate was printed, until all the 24 hour results have been analysed. 
The Hewlett Packard plotter was then switched on, the results were 
transferredautomatically to it (by help of the COL 3 CH) and a heart rate plot over 
24 hours was obtained. 
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The hourly heart rate was used in the next experiment which involved plotting 
the relationship between heart rate and energy expenditure (oxygen-consumption) in 
each of the subjects. 
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The Medilog Heart Rate Recorder 
Fig. (a) 
Fig. (b) 
Description 
Tho recorder is of lightweight aluminium 
construction with fold open dust covers. 
The view of the internal arrangement of 
the recorder, with the cover open is shown 
in Fig. , (a) and the underneath view of Fig. (b) shows the mechanism and elec- 
tronics. 
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i-±cart Rate Statistics 
Heartrate statistics for SAMMY 
1-------I---------1---------I---------1---------1---------I---------1---------I 
INo OOS I Mean I Varianeel Std Dev I Minimum I Maximim I XVW$M i X^WSM 
1-----------------I-------I---------I---------I---------I---------I---------I---------I---------I 
I Whole Sesslon 11440 184.3 193.69 1 9.68 135.93 1 125.7 119.79 114.58 I 
I-------I---------I--°-----I---------I---------I --------- I --------- I --------- I ----------------- 
1 60 minutes *11 60 1 83.65 1 82.82 19.1 135.93 1113.2 1 1.66 I5 
1----------------- I------- I--------- I--------- I--------- I--------- I--------- I--------- 1--------- I 
1 60 minutes *2 160 1 81.07 1 31.69 15.63 1 70.87 1 95.62 113.33 I5I 
1-----------------1-------1---------I---------1---------1---------1---------I---------I---------I 
1 60 minutes "31 60 1 87.47 1 64.76 1 8.04 1 75.2 1 107.35 10 115 I 
I-----------------I-------I---------t---------I---------I---------I---------I---------I---------I 
160 minutes "4 160 190.19 118.37 14.28 1 83.87 1102.74 I01 13.33 I 
1-----------------I-------I---------I---------I---------1---------I---------I---------1---------I 
1 60 minutes *31 60 189.06 14.1 12.02 184.14 1 92.81 10I01 
----------------- 1------- I----_----I--------- 
I--------- 1--------- I--------- I--------- 1--------- I 1 
1 60 minutes *6 160 I 89.26 1 53.81 1 7.47 1 72.41 1 104.54 1 1.66 1 28.33 
1----------------- I------- I--------- 1--------- I--------- I--------- 1--------- i--------- I--------- I 
160 minutes *71 60 1 89.21 14.73 12.17 1 83.87 1 93.58 10101 
1-----------------1-------I---------I---------I---------1---------1---------I---------I---------I 
160 minutes *8 160 1 84.57 1 9.90 13.15 1 80.83 198.16 1013.33 I 
1----------------- I------- t--------- I--------- I--------- 1--------- 1--------- I--------- I--------- 1 
160 minutes *9 160 1 90.83 158 1 7.61 1 78.79 1 106.83 10 143.33 1 
1-----------------I-------I---------1---------I---------I---------I---------I---------1---------I 
160 minutes * 10 160 1 98.48 1 31.89 15.64 1 90.76 1 112.95 I0 171.66 1 
1----------------- 1------- I--------- I--_------1--°-----I---------I---------I---------I--° ------ 
160 minutes " 11 1 60 1 93.81 110.59 13.23 1 83.37 1106.83 101 45 I 
I----------------- I------- I--------- I--------- I--------- I--------- I--------- 1--------- I--------- I 
160 minutes * 12 1 60 191.78 117.74 14.21 1 87.95 1 104.54 101 13.33 I 
I----------------- 
I 60----1 
I 
83.31---1 
I 
29.02 
----s-------I---------I---------I---------I---------I 
1 60 minutes * 5.38 174.45 1 102.99 1 1.66 1 6.66 I 
I ----------------- 
I ------- I --------- I --------- I --°-----I---------I---------I---------I---------I 
1 60 minutes * 14 1 60 181.83 1 91.64 19.57 175.47 1 109.12 I0I 15 I 
I----------------- I------- I--------- I--------- I--------- I--------- I --------- I--------- I--------- 1 
160 minutes * 15 160 1 
77.04 16.38 1 2.52 173.43 1 84.64 1 18.33 10I 
---I-------1---------I---------I---------1---------I---------I---------I---------I 1-------------- 
160 minutes * 16 160 1 78.79 14.74 12.17 175.72 1 85.16 I010 
I-----------------I-------I---------I---------I---------1---------I---------I---------I---------I 
1 60 minutes * 17 1 60 177.55 1 10.76 1 3.28 173.16 186.18 120 10 
I-----------------1-------I---------I---------1---------I---------I---------I---------I--------- 
160 minutes * 18 160 1 73.19 1 2.21 11.48 1 70.87 178.51 1 90 I0I 
I-----------------I-------I---------1---------I---------I---------I--------- 
160 minutes " 19 1 60 1 72.33 1 3.36 1 1.83 1 67.8 I' 76.3 1 90 10 
-----I-------I---------I---------I---------I---------I--------- t____-------_ 1--------- I-_-------I 
1 60 minutes * 20 1 60 1 72.72 1 3.99 1 1.99 1 67.8 176.99 1 76.66 10 
I----------------- I------- I--------- I--------- I--------- 1--------- 1--------- I--------- 1-------- -I 
160 minutes * 21 1 60 1 73.57 1 4.43 12.1 1 70.37 180.55 1 76.66 I0 
1-----------------1-------1---------I---------1---------I---------I---------I---------I--------- 
1 60 minutes * 22 1 60 1 72.94 'I6.51 1 2.53 1 69.1 180.06 1 73 10 
-----------------I---- °-i----_----I---------1---------I---------I---------I-_-------1--__-----I 
1 60 minutes * 23 160 193.47 1 145.48 112.06 170.87 1 113.2 1 8.33 155 
I----------------- I------- I--------- I--------- I--------- I--------- I--------- I--__-----1-----_--- 
1 60 minutes * 24 1 60 1 94.95 1 66.05 1 8.12 1 74.18 1125.7 1 1.66 1 30 
1----------------- I------- 1--------- I------_--I--_------I---------I --------- I -----__-- I --------- I 
". NO kJWSM b% WSM refer to the percentage of values More than 1 Stn Deu below and above the 'Whole Session mean "" 
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Calculation of energy expenditure 
The result obtained in the 24 hour heart rate recording was analysed as heart 
beats/min every hour of the 24 hours of the experiment. From the plot of the heart 
rate and oxygen consumption of each of the subjects at rest and exercise, it was 
possible to determine the energy expenditure which corresponded to the heart rate 
values in each of the subjects. 
From the mean oxygen consumption (ml/min) which corresponded to the mean 
heart rate (beats/min) over 24 hours from the plot, it was possible to calculate 24 
hour energy expenditure. For example, in subject S1, mean heart rate of 85.68 was 
recorded over a day. From the calibration plot, this corresponded to an oxygen 
consumption of 235 ml/min). 
For a period of 24 hours, oxygen consumption 
(235 x 60 x 24) Litre 02 
= 338.4 litres of oxygen 
1 litre of oxygen liberates 21kJ of energy giving combustion, .. energy 
expenditure/24 hr 
= 338.4x21 
= 7106 kJ/day 
166 
APPENDIX D 
Determination of urinary glucose and creatine using 
the Cobas-Bio 
Urinary Glucose (nmol/L or g/L) was determined by Cobas-Blo. Analysis was 
based on the enzymatic determination of glucose with hexokinase in the urine 
samples. 
The enzyme hexokinase (HK) catalyses this reaction. 
Glucose + ATP Glucose-6-phosphate + ADP 
Hexokinase 
In the presence of NAD+, the enzyme glucose-6-phosphate dehydrogenase 
oxidizes glucose-6-phosphate to glucono- -lactone-6-phosphate. This results In the 
NAD+ being reduced to NADH. The increase In the NADH concentration Is directly 
proportional to the glucose concentration. Reagent (test kit) supplied consists of 
ATP, NAD, hexokinase and glucose-6-phosphate dehydrogenase. Test kit supplied 
was number 07 11 004. 
The reagent was diluted to 23 mis of distilled water, this, being the working 
reagent was poured into the large well of the Cobas-Blo reagent rack. Three 
standard glucose concentration was prepared (0.025 g/l, 1.00 g/L and kg/L) and put 
in their position in the reagent rack. The obtained results was based on the standard 
concentration plot. 
Urinary creatinine (mmol/L or g/1) was determined using the Cobas-Blo (supplied by 
Roche Products Ltd., Diagnostic Division, . 0. Box 8, Welwyn Garden City, Herts. ). 
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This is a centrifugal analyser. Test kit used was number 07 11 004. The creatinine 
determination makes use of the reaction between creatinine and picric acid (reagent 
1) in an alkaline medium (reagent 2) to produce a yellow-red colour which is directly 
proportional to the creatinine concentration. The reaction was read at a wavelength 
of 500 nm. 
Standard concentration of creatinine (g1L) was prepared and this was read by 
the analyser, then, subsequent analysis was based on this standard readings (Standard 
concentrations of 0.06 0.3,0.6 g/L creatinine was used). 
Creatinine standard was prepared from creatinine zinc chloride (m. wt = 362.5). 
Creatinine (m. wt - 226.22) formed 62.4% of this compound. 
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APPENDIX E 
The Statistical Package for Social Sciences (SPSS) 
The Statistical Package for the Social Sciences (SPSS) in addition to the 
descriptive statistics, simple frequency distributions, and cross tabulations, contain 
procedure for simple correlation, partial correlation, means and variances for 
stratified subpopulations, one-way and n-way analysis of variance, multile 
regression, discrimminant analysis, scatter diagrams, factor analysis and Guttman 
scaling. The data-management facilities can be used to modify a file of data 
permanently and can also be used in conjunction with any of the statistical 
procedures. These facilities enable one to generate new variables, which are 
mathematical and/or logical combinations of exisiting variables. 
An SPSS programme was written based on the codes and numbers used In the 
questionnaire, The questionnaire was coded In such a way as to allow the analysis of 
the responses using the computer. 
The SPSS program for the Univite survey Is a set of Instruction which decodes 
the short-hand symbols entered Into the computer data memory (see the SPSS 
program). The Instructions are as set out below. 
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Example of an SPSS Instruction 
FILE NAME: UNISUV, The Survey of Overweight Woemn on Univite 330 (The 
Micro Diet). 
DATA LIST: 1/WHOREC 4 
INPUT MEDIUM: (File Input Data) 
NO. OF CASES: 855 (Total number of responses) 
VARIABLE LIST: WHOREC, who recomended Univite 330 to you? 
VALUE LABEL: WHOREC, (1) Relative 
(2) Friend 
(3) Acquaintance 
(4) Doctor 
(5) Nurse 
(6) Health Visitor 
(7) Responded to an advert 
(8) Other, please specify 
FREQUENCES: WHOREC to ........... 
STATISTICS: All 
READ INPUT DATA: 
FINISH. 
UNIVERSITY 0P' S t. J'RlZ. Ii, ýý 
Guildford Surrey GU2 5XH Telephone (0483) 571281 Telex 859331 
INSTRUCTION LETTER TO DIETERS. 
Department of Biochemistry 
Head of Department: Professor D. V. Parke 
Senior Academic Administrator: Dr. J. A. R. Gonge 
DIVISION OF NUTRITION AND FOOD SCIENCE 
Head of Division: Professor J. W. T. Dickerson 
Dear Sir, 
We would like you to help us in the distribution and completion of the enclosed 
survey Questionnaires. 
The aim of the survey is to find out the experiences of Univite users. This will 
help Doctors and Nutritionists in their understanding of this method of weight loss. 
The answers to the Questionnaires will be kept completely confidential. 
We would be most grateful if you would ask the next person you see buying their 
third can of Univite for their personal use, to complete the Questionnaires with you. 
The other Questionnaires should be completed by the next people you see, who are 
buying their fourth or more cans of Univite for their personal use (i. e. the long-term 
users). This of course, can include yourself. If by chance anyone refuses to complete 
the Questionnaire, mark this on the Questionnaire and return it to us. 
It is most important that you do not select the people to whom you give the 
Questionnaires, just give them as instructed above. 
We hope you will be able to get the Questionnaires completed and sent back to us 
in the return envelope by 15th March 1985. 
If you have any queries at all, you can contact me 
DR. JACKIE STORDY 
Tel.: Guildford 571281 Ext. 865. 
We thank you in anticipation of your cooperation. 
Yours faithfully, 
Dr. ß. J. Stordy Ola Rahman 
Snr Lecturer in Nutrition Research Assistant 
UNIVITE 
330 SURVEY 
I 
NAME: - 
ADDRESS: - 
DATE FILLED IN: - 
Names and addresses of participants in this survey will be kept 
confidential and will in no way be connected with the analysis of the 
survey. 
OFFICE USE 
CONFIDENTIAL 
The answers to this questionnaire will be kept confidential. 
For your answers, please ring the numbers or fill in the boxes 
as appropriate. 
SECTION A 
1. Who recommended Univite 330 to you? 
A relative 1 
A friend 2 
An acquaintance 3 
A doctor 4 
A nurse 5 
A health visitor 6 
You responded to an advertisement 7 
Other, please specify: 0 
2. Did you consult your doctor before starting Univite 330? 
Yes 1 
No 2 
If the answer to Question 2 was YES: 
What was your doctor's attitude? 
Active encouragement 1 
No comment 2 
Discouragement 3 
COLUMNS 
Card 1 
1234 
II TTI 
5 
D 
7 
1 
NAME: - 
ADDRESS: - 
DATE FILLED IN: - 
Names and addresses of participants in this survey will be kept 
confidential and will in no way be connected with the analysis of the 
survey. 
-2- 
CONFIDENTIAL 
The answers to this questionnaire will be kept confidential. 
For your answers, please ring the numbers or fill in the boxes 
as appropriate. 
SECTION A 
1. Who recommended Univite 330 to you? 
A relative 1 
A friend 2 
An acquaintance 3 
A doctor 4 
A nurse 5 
A health visitor 6 
You responded to an advertisement 7 
Other, please specify: 0 
2. Did you consult your doctor before starting Univite 330? 
Yes 1 
No 2 
If the answer to Question 2 was YES: 
What was your doctor's attitude? 
Active encouragement 
No comment 
Discouragement 
1 
2 
3 
OFFICE USE 
COLUMNS 
Card 1 
1234 
IIIm 
ö 
ö 
7 
I- 
OFFICE USE 
-3- 
3. What date did you start taking Univite? 
Please give your answer as 2004 84 
(20th April 1984) for example. 
4.0 Have you been taking Univite 330 as your sole source of food? 
Yes 1 
No 2 
If YES, please answer Questions 4.1,4.2 and 4.3 then 
go on to Question 7. 
If NO, please answer Question 5 and continue the 
Questionnaire. 
4.1 As you answered YES to Question 4, for how long have you 
taken Univite as your sole source of food? 
weeks 
4.2 After taking Univite 330 for 3 weeks as your sole source 
of food, did you take a meal in addition to Univite for 
1 week? 
Yes 1 
No 2 
4.3 If you answered YES to Question 4.2, did you: 
(A) go back to taking Univite 330 as your 
sole source of food? 
If so, for how long? III weeks 
OR (B) continue to take three meals of Univite 
and food? 
8 
14 
15 16 
17 
18 19 
20 21 
If so, for how long? weeks 
OR (C) go back to taking food ONLY? 
If so, for how long? weeks 
5.0 As you did not take Univite 330 as your sole source of 
food, how many meals of Univite did you take per day? 
0 meals 
22 23 
ri 
24 
-4- 
5.1 What other foods and drinks did you add to the Univite 330 
per day? (Please state portions as well. ) 
Food Items Portion 
5.2 For how long did you do this? 
6 How many calories do you estimate were in the additional 
meals and drinks (per day)? 
7.0 What was your weight before you started taking Univite 330? 
St. 
7.1 What weight would you like to get down to? 
(ie your target weight) 
OFFICE USE 
25 26 
LH 
27 28 29 30 
31 32 33 34 
III 
35 36 37 38 
St. 
calories 
weeks 
lb. 
lb. 
7.2 How much weight have you lost to the date of filling in 
this questionnaire? 
St. Lii lb. 7.3 How would you describe the role of your Univite Advisor 
in achieving your weight loss? 
a) Very Important I 
b) Fairly Important 2 
C) Not very Important 3 
d) Of no Importance or relevance 4 
e) Never had an Advisor 5 
39 40 41 42 
Hi 43 
iI 
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8. Have you reached your target weight taking Univite 330? 
Yes 1 
No 2 
If NO, please answer Questions 9 and 10 then go to Question 14. 
If YES, please answer Questions 11,12 and 13. 
9. How much more weight do you plan to lose? 
OFFICE USE 
44 
45 46 47 
St. lb. 
10. Do you believe that you can use Univite 330 to achieve 
your target weight? 
Yes 1 
No 2 
11. Have you found maintaining your target weight - 
Easy 1 
Easier with Univite 2 
Difficult 3 
Very difficult 4 
12. Have you put any weight back on since reaching your 
target weight? 
Yes 1 
If YES, how much? 
No 2 
St. lb. 
13. Do you still use Univite 330 to maintain your weight? 
Yes 1 
No 2 
If YES, how many meals of Univite 330 do you take per week? 
49 
50 
51 
0 
52 53 54 E 
56 
57 58 
0 
i 
6 
14. Did you feel well on Univite 330? 
Yes 1 
No 2 
Quite 3 
15. Have you noticed any improvement in your health 
since taking Univite 330? 
Yes 1 
No 2 
Please give details: 
16. Did you experience any of the following symptoms while 
taking Univite 330? (Ring more than one if necessary. ) 
Hunger 1 
Dizziness 1 
Weakness 1 
Bad breath 1 
Nausea 1 
Headaches 1 
Constipation 1 
Other (please specify) 1 
17. Did you need to consult your doctor with any symptom(s) 
which developed while taking Univite 330? 
Yes I 
No 2 
If YES, please state what it was. 
OFFICE USE 
59 
p 
60 
ý, 
61 
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62 
63 
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ýý 
65 
66 
67 
068 
69 
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18. Do you like the taste of Univite? 
Very much 
Quite nice 
Acceptable 
Not very much 
Dislike 
19. Do you like the following flavours? 
Very Quite Accept- vNot ery much nice able much 
1 
2 
3 
4 
5 
Don't know 
Dislike (haven't 
tried it) 
Vanilla 123456 
Strawberry 123456 
Chocolate 123456 
Chicken &123456 
Herbs 
Butterscotch 123456 
OFFICE USE 
70 
Q 71 
Q 72 
Q 
73 
Q 
74 
Q 
75 
continued/... 
OFFICE USE 
8 
20. Have your dietary habits changed since taking Univite 330? 
Yes 1 
No 2 
If YES, do you eat more or less of these foods: 
More Less Same 
Bread - white 123 
- wholemeal 123 
Potatoes 123 
Vegetables - green 123 
- pulses (peas, beans, lentils) 123 
- roots (eg carrots) 123 
Fruit 
Milk 
Cream 
Cheese 
Yoghurt 
Eggs 
Meat 
Butter and margarine 
Biscuits 
Sweets, puddings and desserts 
Alcoholic beverages 
Fried foods 
Fish 
Nuts (including Peanuts) 
Crisps 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
Card 2 
ö 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
9 OFFICE USE 
21. In what other ways, if at all, would you say your 
basic eating has changed? 
- 10 - 
SECTION B 
22. Have you tried to lose weight before? 
Yes 1 
No 2 
If YES, which of these methods did you use to lose weight? 
Reduction in food intake 
Wiring of the jaws 
Increasing daily activities 
Joined a commercial slimming 
establishment 
With dietary advice from your 
doctor 
Psychological conditioning 
By use of drugs 
By surgery 
High Protein Diet 
High Fibre Diet 
Low Carbohydrate Diet 
Other methods not mentioned above 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
23. Did you find it easier to lose weight taking Univite 
than with previous methods? 
Yes 1 
No 2 
24. What was the most weight you lost in your previous 
attempt(s)? 
St. Lii lb. 
OFFICE USE 
COLUMNS 
23 
1 
d24 
[__] 25 
E] 
26 
J27 
ý 
28 
F-ý 
29 
M 30 
E] 31 
E32 
E33 
34 
35 
36 
ý.. 
37 38 39 40 
Hi 
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25. How long did you maintain this weight loss? 
Li I weeks 26. What was your family's attitude toward your previous 
attempt(s) to lose weight? 
Active encouragement 1 
Disinterest 2 
Discouragement 3 
Other (please specify) 0 
27. What is your family's attitude toward your attempt 
to lose weight using Univite? 
Active encouragement 1 
Disinterest 2 
Discouragement 3 
Other (please specify) 0 
OFFICE USE 
41 42 
43 
44 
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SECTION C 
28. Address: 
Town: 
County: 
29. Age : 
30. Sex: 
31. Height: 
years 
Male 1 
m Ft. 
Female 2 
I Ins. 
32. Why do you want to lose weight? (Ring more than one 
reason if appropriate): 
For health reasons 
Look more attractive 
For fitness 
Social Pressure 
Other - please specify 
1 
1 
1 
1 
1 
OFFICE USE 
45 80 
11 
-__-L 
Card 3 
12 
3 
45 
m 
Q8 
Q9 
Q 
10 
Q 11 
F71 12 
I 
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33. Have you been medically diagnosed as having any of 
the following disorders? 
Diabetes treated with insulin 1 
Diabetes treated with drugs taken 
by mouth 1 
Heart disease: High blood pressure 1 
Angina 1 
Heart attack 1 
Other heart disease 1 
Stroke 1 
Hypoglycaemia 1 
Gout 1 
Gall Stones 1 
Liver disease 1 
Chronic infections 1 
Kidney disease 1 
Anorexia Nervosa 1 
Other diseases (please specify) 1 
OFFICE USE 
Q 13 
Q 
14 
Q 
15 
Q 16 
Q 
17 
Q '18 
Q 
19 
Q 20 
E21 
Q 
22 
Q 
23 
Q 
24 
Q 
25 
Q 
26 
Q 27 
34. Please give details of pills, tablets or potions you 
are taking at the moment: 
- 14 - 
35.0 Do you know why you are overweight? 
Yes 1 
No 2 
If YES, which of these reasons explain your condition? 
I overeat 
I do not exercise 
I have a low metabolic rate 
Other (please specify) 
35.1 For how long have you been overweight? 
1 
1 
1 
1 
years 
36. Do you eat more or less food than your thinner friends? 
More 1 
Less 2 
Same 3 
Don't know 4 
37. How many units of alcoholic beverages do you consume 
a week? (A unit of beverage is one glass of wine, 
half-pint of beer, or one single measure of spirits. ) 
None 1 
1 unit per week 2 
7 units per week 3 
More than 7 units per week 4 
OFFICE USE 
0 28 
ý 29 
30 
ý 
31 
F-1 32 
33 34 
35 
L-I 
36 
Li 
- 15 - 
38.0 Do you take any form of exercise regularly? 
Yes 1 
No 2 
38.1 Please specify type of exercise: 
Running 
Jogging 
Brisk walking 
Swimming 
Cycling 
Tennis 
Yoga 
Aerobic exercises 
Exercises with machines 
Other (please specify) 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
THANK YOU VERY MUCH FOR YOUR COOPERATION IN 
TAKING PART IN THIS SURVEY. 
OFFICE USE 
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SPSS COMPUTER PROGRAM4pp 170-173) 
a 
r. V 
,c -, ". . - 
J. 
ý ý . 
zo 
rrý r. "" 
. J. 
r".. ý, n 
JIr 
4r 
c: 
.+OJ 
"" :"3 
.. f"" 
J^I i"O 
1 C.. " 
/ý"D 
r. r CT 
."1 . ý. ý 
ý 
X: to s" 
u . +. + 
u.. ". 
no aMo 
c1 
1 ir rr 
N+ 
1r11 
l. O rIr'. 
JV(: 1 
46 « .... ! OD 
vL 
Cý 
LbQL 
rý 9 .1 
9rG. + 
V .r " Vl 
ý' _ ý' 
ý ý. 
"_ ý 
Jy 
'ý VV 
i r2 
- v.. - 
a 
r výa 
" dr 
V1Y 
i 
N a" 
ý, ý " 
"" (" HtJ 
-ý /1a" ý 
4. ý. 
J.. a 
ýý "I) 
1"" V'ý -2 J 
SN .YL 
.- ua 1.. n 
!, rN. 
"a r" rý ý 
Yn 
I Zi O. U 7"V) 
4ý r[a. i7 
1 J)1ý "i uO 
a" " +)Ký Jr +1. 
ýa 
IO1.. L" J. ". [ 
Ssý H 
1 r"C... Va7V LL 
.. " ul 1., 
G144J, r 
1J a- C. ý i. i r 
. V".. "r 7" 7 ITVG 
)GV 
"rG" T . -. -f. V... " 7f ft 
) 4x la R"Jý 
"-uV) SG" ... Ir 
1 1) ! ºýNI.. º- r: 2"""" 
1. ) d V) 
1 Vý a -11 4 ". (. " 41 
ac iY\1.. W6 r"i 
1" ._ u47J171- 
wýK.. 
V 
r). " .: " "+ui 1 l) aJ. 7""" 
" 2V aý 
1. rr+ý" " 
"q". . }ý 
1 1.1L r. n "+ pp ý 
"a "- 7 . +(; nG 
)"a1 ýý. ". .. 7 "1-JUý+ 
"" IC 
r. +c. c 
1-l.:: a. r". + J 
la NC Cýu". 
I+ ý4"^4 
1i vwa^a-V. 
C V"a9J)VV 
r f<4C4 
V. iNNV " 
"a'ýV: 
" "" Cr r 
J r}} 
.+ ." 
12 Ui"W 
" cr., n 
1Y 7" J+. r 
1r a JJ"I'. 
I "- OL tf, r, 
Nu 
1ru1. " 
' 
nsu 
-t 
1 l, 
ýV.... 
P. lc uu 
a -1 C, 1a 71f" 
V 
T. 1 
N) N 
C. ) 
W '1 K 
1ý Q4 
Q. i2 W4C 
" VI 0 N p. 3 
fr . 
N 
11 
aa""^ \t _ 
a- .. OJ. "ý.. J" r". C 
N"ý ý) "F 
r .:. i J U' Mt "" ' 1" 
t"y. L.. V 
> '"1 JI UIr'. IW1r"fV 7).. r I, 
rrY 
1- t J> 
. ýv .. º- "- r. -'s,. s "1 :! L" "1. ""'"r"""Fº ""! a .. LI'i J.. ".. ý11ý" "" ""1. " . (.. ' f J> "' 
ý" 
ý 
. 
ý" ^"a `" L".. a. "). - -"a .ý". L, 1O "r 1.. 4)I: SQ "'J .Ii 
, 
^If. "11 
ti 
"". 
Va[ 
4 
11'. 
". . DrQ> 1A U"- "o. oC .I J)[^a ". "a 
r, " 
"1 fa6 .. l? <"J ". - ZL1J7. -. a0 "IJ. IO 
" u. 
"a 
1" "' L 
I. J1,1 K ""a. l ". ý". N º- V:. t. -"- 
ý "C 1r O 
li) º-. +. "1 lYZ"")O " 1ý1 " . -. V 
7C' 
"r! .ý". 
J" 4V "t O 
1"" a" 4)". 1-PQä ". V 
WZ fn" "- {r f7 U "u: )>.. 
_ 0- C4 LIG <. LN 4 "hG< Tr. W "O 
aL 
F"> >. 
"n 4. Gý 
ýV -ýUO 
47J "IL... w"W". 
fl 11 1 "w I" !".. = L tN "= r.. ý' 
"7 
L" J 
rGCa Q. 1-< a)1-yrr . r) "IýP. 
qrLý "w r. x 
.: 
" ý= Un. 
.. 
si f7l)Jwl JIl DJfI rNfv " 1""V"... "I 
', jl J47I> 
(t\2 
Ji ýF U<". ^. r" .. " 7ti'"-" q 
741ý1 " tº- 
.\ 7º"Q 
"7.1"" "r . TllR3. r a fl-.. l+i w. Ir1/1 , ". Y 
"S 
.1" ,"ý -h^ 
N~^QUGYrU. 
J T 47LLPlýJ-1""1.1 "IP ( "" f., Llýt 
~ "C 
`"r J} ahVIUW 1rZ 
2 H} VJ " 1- a)J^" "Uaf V) .. yC a ;)" """ ^U frln,., 
"ý ^L ýP.. 
JLI> 
" 
l7 1""". + 7D" ". '. ". a "1"" r7., 1 J TJ'J""I jl J7 1fr 
+r" \"r 
. 
"i JJ". f) 6"12i. Ca""a! Ir-IM: IZf, w... "r. r <2 "a 
>^ 
'ýsf'""ý - W UQaZ IA "IF li) JK 7agrr t. YO . O"aN 1\"} 'A"+n J flLl.. 
"r 
11r! " """NN1 11" Z "YL. s" J J. w 
J '9 " >, Y ýZ >U 
G 4 AT C. O ý. h¢ a- N "l) D fK.. I ""` v is". 
" 
C. 1r<ILIJJ) "J .. 0 " -C" " "L I+.... h 
r L. 4 4 
i <ý~ 
U PHViJC 
C4 Y. C. S IiCI""L. CfG<r'Lý"Nr, 
" 
>Q, ""u^+" 
rr" ~U 
fpCY 
" 
.. N""UU " Ox" 
<a r ,ý 
1.1 1%L. UI. . "WJ"t " rl ". H.,, I If tlJ>.. j) HZ r"r " > "U "I")V. Or. I: "LLWCC1> WiYaD41r. 
- . jt, sA "" 
"' >Wa1J Z.. O "r"1 0lýIJ ýý f. ""V. ý. -"7f_. -". 
.1 1ZS"i. a".! 
" ^" + fu. r. 11. 
1n-f)":. "aM " r. ý fýa. 1-n"ýr "" ""-" "ý". 
lý >L II """- " 
e, 7. 
" . 
1j; 
r ulw. 
il"". 
"iy"Irýyw", ý 1UtL"! 4. `. w1")1! 
Ir"1 +ý_" 
r> `t. ^_ . 7COJI. a7"r/"_ .r". 1-C <">r"Z _ 
; "" Y 
,, U>ýC. 
"1 
'1. 'lU.. l9a. AZ K HHY. IJ 1,1"J[7. a. aH" "". 1. < .7LU. 
"rC ý>W " 
. 1T 1)LIIA "JbO< 4"" ;9a.. ". 7J .; aw/. 
", ý" ""ý . C. s >M "''U"r"Y""IAr4J1J "D"" "y, S 1 fl V7Z ý"L. 7 --na fi A^. UJ"J%Zlxlf7 "ta L')>p"ýNI)Z"-Nl)O ""Ca0 4 ". 
"ý C: . ' "C)Y. "W . i "T"1" a4). J ". "ý K"ý rNL. I. Y^ 14J"r 
" ý-" j 4". N 
u. J"<L. SysdW " Nd rZ C. >J "i a i. "ý t> '.. º T G! Wßr/)JýGW a>MIO O ""º"" V ""'11.:. Y. ")L Li -CI"" 
:U >º a9/'] 1-. 'Iä 1urT""S ""Jiu l.. <J%""/r" ýý 
< ,... i a7ý 
}L. C7"r11. IL". i. " Oa> STaº-.. "'-1 . ºý_ Gý fL'u0ý 
7C1, rln. a]I... tlr`"A la... "-1>"iär'.. ""i 
r"ý 
wh 
"" t. t; a s. Jt7 
1D1ýý0.1'"1ºZ"-G"'"N". J aA "r., 1, ta "I IL """ W"W4D O C. J I. l "1 O)f41 JW 
"" ýp <O " 
-56--0-66 
" P. JM- } 
L. r"^LI "O{r. ""-If)V)W """""" FI". "VtN aIf 
r' < 
WJ} 
Zl". a"ýp . . )""\""aVý. "r. Y""NI""J VCf 7{/ " "r"H "P""h "J"I. ". tlf: a "4. 
--"~f: r r lC)T"" "3""` "-f C"iZ "". 1'"" 1 hC " "a "1 "º+.. 1"J"/""40 N 
hta1"IIQ 
>O "r ha. - ", p". O~ 
l" WU 
J`\'1 
"" "GP ý 
N"IvItC71L. "-rG. JrJ( 
a T. Y """ "/A º-ý < 
tý 
"I. 
ý^ý. "M WWr "1 . 
fý 
:c nrº"º-r4ýUUSar. -O 1,,... "uLl. "'vA. =>, "/U17 < 19y aJUarä44W111"-14` .. " "n ý u-"º< "'r,.. > WNW "<2JW N 0, 
-"13L.. 
<VI., "-Gr>VCG LC W º- ä~iýý " 
Irý""""Lý"C s. . 'J"aJYC. Ir"-MIV """ "L)1.1: aC13 rlirr "lil: -aJ f: VJ 
pN>a""N<1. "". L"f h"GJJ. O. R71f1UJ"Jrl"a/aaH<tAlrJrl. 
"- Ta a 
r: IJ "ý" WYIU""- 
ý Ir4 
.3 
UWJffa. '""1 
r. S I T141L1i }a4CaZJL. l6 2a: ". 17"'Y ""a-7 J L.. ",. ui ýUiI:: 
DV)ý,. 
ý. ý a. ý 4M 
VJ 
1.1 . _a r .. .t 
ýý 
^ F'flb 
ý .i< "ý_ " <rý 
"i >"N"nY n ý, "" ý 
ý+ 1 "- ý i. --' "'vý v f .t ºý'. ýVJ 
"6a LN" Wl, 6 
Ja" "1º Y<ý 
uý" ua lý "i ,bl, " )i º. J 4 ".. 01 ýIý 
a Cýý " 6Ga 
JI "i ý "C 
O 
W- 
1ý. 
L- . .- -< 
. ýt. rsýd1.01ým0ýý. "Nr7IdlCntLPf.. ýNMf, flf. h. ATi. ýNM1 
MI UL. i1r __- - 
. r..... ti. -........ ý.. ývN. Ir. '" fý., .. ý Výn/f. nr 
UýI . 1º "UfyPGPf'.. ý(v17111 
s«a:. f. " r" ., º" ". II IIf: Gn .- "ýx a ý.. v.. + "n 6ato i" 
=) a.. ".. 
0' U 
f" 
l 
. P" °i A yI "I. 
ý2rý. 
CCU 
2 ý. LA aN 
S. 
º' 30 J 
172 
q t. " ý4 
ý_ W\ Uý^ ... _...,. ýq.. .. 
.1. I '-ý ýI a .. \ä ^`J 
r' 
ýý 
ýý '( ^ 1. "ý, . P'. rs r.... Ir: _ 
1.. ý 
.. .1 
"l 
n. -ý .ýYr ." {I =li 
"ý 
.. ""--i2V3ý. "G .u 
.f ýi :fJ.. .. 
Z.;, ýZýýlf4;, yt 
H " 
"L 
ti 
n. ý"ý:! 
"r". ü 
aiý 
_.. a 
ý .i .+..; ý: u Jý.. c ... ý. ý J.. rG 
s 
.ý- . 
J> .. 
__. _ !. .1r. !". L r\J: ai -ý \^.. e [J J\F UL. 
` wo i>±1. 
Q r. 
>. aýN r .., ", '. rý:. -. t.. ", a ý)r- L. G> at) tr . ". 
.>ý, . 
L "J. iL . JJ r: ar 1,. ý\ \""J 1. """" 
a"J, t a/a 
)Z.. 
27 
ý"Cr 
rJý.. .J, 
-Yi: 1) l: 7 ".: Xeý a-o.,: 7 Jai 4D2 CV N 3eý °JJar "Ja)O1 a. eJ. a 6fQRN pýTJ:; r~ aA : _Il >-. " G: Y ". Gy"+ 
`" 
: 
t ,. ". "ý .. 
s". . "ý ai". a)F G >:. ""'> V"ý JY . 1. "\ n 
ý"' 
r 
"' . .14! .1C. Ne 
Jý - r" 
.Jý.. 4 . -. ýli. ý. +i . -" >Z 'ri' ..., "f .I l" " 
\ I. ' a\Ja aXf? L "" 
-. 
qýi i"47 >4. 'T>a ý> a`" X'74 \f. C p "7\119UJ NW~e.:, 
J\ - 't. 7 ". . ý\r\ ý\IJ\R .. r, " 
.-- .a Cr". tw: ýý t. -ý.. 1" äýi 
. "l: 
YrU -7 
?\ 
C)O>'1 ý"1. 
.. GV W\ý\Cý 
Jºu 
"" 
I a" 
": "^ : >Z t "t2 "J 
V" <r. 
ý. 
" i.. .aJ. J""1172ýr. 
V f" 
. ý"f Y4 C. 
ZR 
.: i a""1a- L. ý7J 
m 
\~ý\ S 
'(" {lý'1-' 111" V. I. ""V, S N 
[ý 
"-.. ý"riNr O. -", ý 
. "frr". "" TV1Up 12 1 it. " w2... -ylr tr4-. t~') A4 . aart 
N. ""IJOaO "-"OC r . -Yr" 7y 
`t-6 : "- -'). ( `t"l. > WZ U VQara. " W7fC 
". >... 
r ar"WI, 4 
. 
~". XY, 
'J. 
I 
>r""iXNV'-aJý^ 
""-"1, ae 
:.. a". V C .fL. L 7> 0QT. a 
iýN 
S7 OT IJ 
O }t" ýr 
;" 
"t 
ý.. " 
.. . a",, a ]i .ýQ 
W. 1 
n 
I,. L. V: 
}r>j tLýU IJa) N`1"J Rt. 111 >"" . 
r. t-r> "ý a"%fi "'t'""' 
r 
.,. >.. -1 N') Wl^a; 7J WCaaY WaJ xY WS Z 
F"2a"' -)Y 2 YO 
..., r~wr. 
^~ 
º-O`. p wv \ 
>7".. > ý. 4. n% "1G: -' . "(: 1. V)V ) 1J. > IT >Sa WYNo. V+SK\O 1ºC)1J 
] O, [=º t-W JQ 8U 
>". ""vY1., t .. a. 
"r f 
... J.. r" >[ . J' _ ... a: '. n'- Jr.. pY 
a\ J. n ", 
O9 OýOw t"; X 
a4.. "1 : V".. " ý u. " 
"- rW 
1rRr 
~G"ºaiLý. 
[ 
t, \ v"W " r. aw .. 
°"... ý. ] 
\` 
v0 , 11. Clh1 a.. 1.. V 
ý1 
^ '" 
.. . 1. "" .. y1 Jt. g Ii ., ""^: . 7V. G ac_? 
-4aW . .. W"r aL r+.. l).. 
-"w". _wr. 11J. J 
.14 "" 
^ 
. i.. ". fr"sg. 1r ý7 Yaý. VI... " "JJ/ tJ.. "[. "aLt. lY "V)\ i 
G_ 
1. I 
Irl 
ýý 
r"1 - . ).. r""a-. ý. 
I'eL 
"ý 
" 
"' .. JV.. I.. aV S >: 4><IJ"t ". { Jr. - 
L 
"ý '. ' . . -. \ý". 
V" 
'ý" 
Sr s> "'ý ý... >L ýU1., aa .-CP. H L... wVaa.. r 
.-" 
`-; 
I. 
ý'1 'J Jý"J Jý, 
J /JC:. "YJ >'. l,. ll)., 1 Ri' I. VI U"+Ur" "r. Ju xx `wýL 
.. ta u. 
'"ý"'"'. 149, ,. Jl -4 
ý ., J >J >La1L(L 
ýg=. 
Va-. uae.. )"'"... Yta"[I. r" " 
~~ - XrM(: ILWIL%. a`) u 
'Ja"'-. " J. tr"t, J"1(. ' J"fYJJ": JJ .JY Yr.. A.. In"-UV. ". altN"r X2"" JCJ.:. 
aýw"r"li wr wJ'=V: 
aýt"rwJ4: 
tLrr' 
" 
L ""ýL. r ") a. ýr" aV- "tuJn""a. J"t >1"-F ai WW lU". U"+Ua. -. ta1.. RLl aa2.: /. CGaLrJ, 
ý 
. 
. ýi\. 
) r_ . NQº"ý>r. ý"""t 
J""!, t" 
`"S1" 
ý(; V JJI)Iýr. a/J ZT1H.. 1 -IIrJ f(1lJlrlJaLr, l)I. a>a.. J \r"Ja: Jli.. ". rº. vywa "a""V{.. 
1 wr GUa J. JW 
a.. 
1l 
.t^^ý t)--  , ". I Z= >Gt I. 1: L. ". KL ). f'. ( 1.. I. 1- Cº" 1J"' 
ý- 
t. L w. I. ."I '10 1. `. ) LWUr)G1i "". [ý r". +a9"- aIý LJXWXL. KLl1. IR ILpIZº. WI-> `" -t"- 
I"I J 1- ur%" "_ '. "" Z UwI- J. "(3 
"" 
LaV l .f1)Y1... e. ai.. 1. IL : )L. J1. W^C =. "" X41'aWx.. t<tL: it.. 19VI»V)ZSZr>i -U t" 'º"tlr. 
w rw wUwZfaLll N 
"JC. V" a: I. 
L )+ rJ tl] :. 1.1>: a. 'a a1.. >-N 4.. t N. t[I. IJ4 U--. 'r \ L: 1Jaý6ýs".. ra, J ý1"Lý\w. i 
YýZ. f :J1,,. 'JI.: Wv v wY 
"" 
Y(a. L al.. va rp p p. i "J"J)I. Iw/JY=J"+r""+.. H fi r"(y4 rr 
""().. lJýll.. rý r . _I ý p. rJ(. 
JW". J%., : 'L. 1. 
ý1-.: 
N31. L,... at "L. Y "i1C4: C<JILlý3tJL". 1 U JWIJ <_ -J "" 6"r': r""""2 / 1. -CJ Z- -J.. -J". "- .. -1 - -'-QC ».. l. t (J 7 7J. tJaJ: J"t1.. 19L º->-ýr"ZZZN :`C. >J YJLä) Ci >m r" . ä>ä p rt. r-.. JYI_ ".. C' ` 
"5611_. 
/:. LP. iI.. '-a'"G> JJ4 6J7J7UJf6WY 1- 'Jw > 
jiyYJNUU 
U Cr UuU""4. r. ""... tr "l rýr" .. \L'"-> 
"ý>L 
JLU .. i is>L1ýQ ! YS 
>. JSJ. ýr. Z 1º"5,.. u! 
"rZ'ýºVa. 
tJaVr" .. ". 
jl>ýY: /Y-IY')1.. 7º"1'Jfpol. ! WJWa'JW1ai1J UV""+ry. "iZZ " 
`rl. 
>ra- 
" i. i"'+ 1. >3 UL. ate, rý1. ýa's rwa. => n I. a>q"lIW>ýL. a.. > 1, a. aa> "J G 11 OIS. WaL"". t WZtr. i'. rauL. 0U17ai1ýJa' ` b" .J aa7 a: a1 N" "ýa, " >\>... 1anT ý"IT"r"a< ». e a a>Na' <T"\=O, 45 nmO rs't-2WLta7Cýä7r"a. 
r. 
J. 1-< Ya.. -ý I. """">>Y>YiYf"Y <w< a l ".. . (...: J: a., .i.... I-. ta: T\>"_: "+ü.. -. t-r LZ 1. .. Li 1-'L_"r LJ 
nor wtr:..... ".. R Ot at""KwQ.. arw.. T " 
J"'. 
"-TN". 
YG`7"N. "n" ". 
yý = -r 
" ""r"a.; º-". .. 
"irw2L_SºL 
I a" 
ºO- "" ". "L'"iH., 
V. tý .. L ....... LwL_ . "].. 7. ". "p. 
>ýL G .... ">J .1 .ý" "J. . "a "t -"r" "iIý "". "Jrr. u *--U721 
>-ýt- N"" "rYIT 
. 
.. >a >^ V> 
- 
1t 
Ii . a. -" I"l i'r "N.: 
V) r 1. "ºýUU 1: 8.8.14,, "" 
"ý L. ý L. l->JI 
.It. >U ,.. - .q ivxu-"... or"... " "V) ".. i "1`.. JfýJOal. r(: 1/Ut.. 
ir ^. r. ýrN J. -. - r~ ý"_"-tlNýa, '""s"J ýr-.., ". aa.. "': IýZa. L. nr""-1`> ".:. ".. -CJaa: rU( u1Jº 01WS1. \U 
ý"a 
"l, -+"C. l: L..:. a. J C: 1 a. 1 I.. L. "-a a 
a. JaLr. v... aS.. yC: rJt'. -.. -. 2(cf.... F-C. fa.....:. r. 7. a. º-aw(C>º-t'P. p'raýJLJ2. Jü7x 
6i: ýWL"tWl. "": º- Ox .: 1>:. "]i J1'. 'Y"'rýULý"Gº-L IC: i a.. 
" 
rt[sr'Ua. ta 4º. 1. +(_1 . f"I. tJ.. >Sr(. ZýXWýR71.. a: 'WUYW2a: 4r" 
4Y000UL:. "rº. p. Q aa r} JI"" r 
"r".. [. ný-: ". "". """".... 
". 
rt., ]1""ýTýr"1"-e. a» 
--U- 
GJC1">JJJ"fJr7rS t"J"-aýQ1.. ("JJa>JJJJOOLi1.0. w U >wa. r"w., 
't 4 Vl << rl- p 
Ca.. ...... ._n. 
II. "". L". Jt. r"tt ia t. l 
11Y1.; r. /. Ixº. rfr. r"L. a.. -,. sT.. J` wä... ) w'wºwi--U- C. . . l: -i "" C- c;, -2 Y .. JUº- Y ala. ))vraLILXXr+. r"-": 
zvrf. 
\. f.. 
ll.. "ý"bJ. f. ýý~ý 
." ýý 1ýI 
17 
w ý 
I 
ý 
Jý 
L. 
x 
ý 
Js 
ý. . ý 
, -. .I-I 
-Y . ýº - .. {I Wý 
. 
"1 y 
t. rtO1; . ýI-ý. Y ý .. "a.... tL.. riJC. +NLSJ Ona. ý 4. rtyrn`1firLPC:. rOýHýYIýLP C .. w 
). 
. 
-1.1^. y. "y. "^. JJJ. ýi. fJllilf. JýiJý"1ICýJ1J'.. P. COJB"YdJ. L.:: ". rrrrrnrrnr+lWSfaýý. 
ý t O: CC, 
Nv. ºý.. LrZQ"y. ti(. r. iJlQ Pi 
31! 'CANM. QJl1^., iL't ý 
'.... . ....... ..... -. " .. t'ý .....; vtV.. . '. ý. . ý. . 
173 
I 
\ 
Ji 
ýý [ý , 
ý ýý 
ý 
ý 4 I. Ci 
ýi 
au 
ý_ 
"n ýa 
" ý: Vl .! NýJ 
ý. ýº.., a .. Sv 61 . -: 
º\G>ý. 
'ý ý 2I 
Nº D JJ 
"u n, .0 . 46 :a o 
a-- \T J 
_L, f -2- 
N vY rY 
1-1.. W-f 
ý cý _JI.. r".. ý. t17 >V. - " 
- -. -l 
=UV, .y 
IIJV, I(\ HJt' -1 
x r- .. x F- 7J.. 
- -o- aa u ýn Vi"'1 6a 1LJ C 
.t . .. `- "v .-ý ýr---- 
--ý .a 
:7 
-- -- SH- '-Z 
uC VZ L, ... . u">n a., l. an,. - 
2. +J. + CyJ .r" Wo 0 . rU.. \ia f 
...... r . ac ýz 
.ý rýr<", aº-u ic : -ý... _ r .i uý-" 
Z 
º-W I.. W <Lý t. J i 
11i¢ZP II_. . -. 
isa Uýj <c... -__ 
u:. .:: k. º-ý uuu wR .l.. ; .. 
-- -- T -4,7] Jl. ýfl 
.., -... p- .. 'ý. l "n' )º- c.... o ..., 1- v, >u _h cU II'. 
=. . 'au ýý Si 
P'L: '.. ^. ý1 U$1/IJLI. I(: 
11 
a ý-c mv0«ý; ýG 
S ... ýU.. Oo"JOýJýJ 
qM JJn S4. «. rfýfi. + 
"-iv- ZJXVl(-V)(A. V 
r.. rrUv. -wv -.. rvr, eln.. a wauý".... cvý^. ýýn. nw rn. -. _ . -. eaNfVNNNN NNNMhM)r)r, r)"iýý., h "t 
+rAP.. tJflran. e.. .......,,..... ._.. .. _. _ __.. 
J 
-- --. - ....... . ... . ... . .. yrj', haa 
W/ 
U 
a N/ 
>t 
O 
a/ 
21 
u 
ýý ý ý, 
I 
ý C'l 1 
ýºV"1 
Vi I 
J""+ 
a¢ i' 1 
SG Vj 
I1"- "1 
N .4V1 
" fýW J 
/t1 
UN 
f.. .-aJA, 1 
\r .jý1 
sr 
Y. 1.1 
_"7 
1-" . 1.. 0 4v 
++ýN. "ýº- 1 
ý 
rIVNiVIrI 
y. 
C". +u... JU. -. a J1 
. a7Y¢OttW 41 \r1"". h-JF-JC Q 
rWWý. 4. Il f+ý 
I 4. ý 7_ Y1 1n 
,,, 
1 / 
ufr \1\4,1., 
1/". 11º V. C-11. N1 
Jr. 1r1. IJ1. -. ý pý ii L]"'"ar 
vf9/-UJYý-rº. ý, 
U. +41JJ.: ¢1N 1 
TWI. 1ý. +ý1y 
7IýYYý> 
"H 11 II II II II t'. t 
ii SI Ii bull. 
CIWr. {ý1NfC 17 
ýIF30C"DtHW1.. 
uUL. GM-OOONY JO" :+ 
I. IZ1.1f: 1.172i: fW 
,J".. 1 Irý+IýO. 1n. ý.... Uli "1'L r 
Vl > 
W 
Z 1.,.. 
.. 
U,. 
N{s 
z_ ý rrrrw º-rrrrrrrul_, Nz ý ... L. 4Öä4C4 
.,. 
4Cd4ä4= 
C. rÖ 1-ºOr 
° 
N ºi1Z10 Ll. LI1. lIL T. V1;. j Mb- 
ý 
Kýt.. CG02 GCVCOt: oqur4 Ha Y. LL t. LU1ý4+/. UUUULLUUJ4. ('O j1 
ýý _ 
)/ýýý 
N+ 
a u: 
i ,ý. 
ýu 
º-º ý 
._.. ,ý 
ý 
.. C- .4 .J C. 
ý 
ýf" J 
a IL 
W 
A 
4V 
{'l "" 
4 
"u 
N º- 
. -. ' 
ä 
ý 
2 
O 
4I 
J 
A 
u 
W 
0 
1. 
z q 
J" 4ý """""""""" 
(L u fVfyNrvNNNfJIVn 
l. l s 
º- 
0 l. l 
ý 
U 
> 
ý 
y. 
i 
w1 
"""""". ". 
L I' ti r 
Ký.. ". ý". 
L7ý IV "V(/"fl. -1 
VI 7 
f 
1 
vý 
ý. "- .......... 
f C. o. "ý ., t.. ý c.., r 
N .. l "1N. ". ". "... "Ir. Niý \ -I ýi 
I 
ý 
G 
2 
4 
W 
u 
: W 
S. - 
N 
a 
N 
«- r. hhr.. ýý. ý _r ý. -ý .....: 
Z OPC. "'-qý'.. " 
{7 .. tiýý . Nti 
Ir """""""""" II 
Le Ina P. cow. Uf. pfroo 
m e:, ý. r"., e..: i"JGýIý 1 
º- P'". +nf I! "NLr. roýnef 
r 
rr ý+ý+ti w. y ... ý.. ý ; tllý > 1. IýI ýy 
Nd 
=Z wýirMifL'ýyýalPwýll 
y ý1:! 
Z u 
b- 
4 
cr. 
»uu 
Vý J 
0 ti 
Ar Ill.; ,ý ý,, i 
iý i 
;; 
I ý'I ýMi i^b ill! 
7 'ýI ý ýia 
ýt: 
ýI 
,, L'I ' `i 
, ý, ; iý 
II' i' 1 
(IIII 
! 
il 
I II 
III ' ,1 IIi 
f 'IIid 16i; 1 
J 
ý uG 
ýýýº ;ý ý, iý 
ýa, ý 
! iý 6 
) .)) 
174 
APPENDIX F 
Glucose synthesis from glycerol during gluconeogenesis 
The hydrolysis of triglyceride to fatty acid and glycerol (lipysis) takes place in 
a stepwise fashion, the intermediate products being diglyceride and monoglyceride. 
If lipolysis occurred in the absence of esterification, every molecule of 
glycerol released from adipose tissue would be accompanied by three molecular of 
fatty acid. (Newsholme et ^l, 1980). Assuming all this glycerol (3-carbon 
compound) takes part In gluconegenesis, 1 mole of It will subsequently produce 0.5 
mole of glucose (6-carbon compound). 
If tripalmitin (molecular weight = 860) is considered, during lipolysis, allowing 
for the loss of 3 molecules of water (54g), 806g of fat will yield 92g of glycerol, 1 
mole of glycerol yields 0.5 mole of glucose (molecular weight = 180) during 
gluconeogenesis. 92g of glycerol will yield: 90g of glucose (180 x 0.5). 
If the loss of 2kg of triglyceride is assumed Ina dieter on'the VLCD, this will 
amount to 285g/day. This amount of adipose mass/day will yield 32.5g of glycerol. 
This amount of glycerol yields 32g of glucose. 
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APPENDIX G 
Details of the results of experiments in chapter two. 
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Table 8 Resting Metabolic Rate - VO2(mis/min) 
Subjects Small eaters Subjects Large eaters 
Si 
S2 
S3 
S4 
S5 
S6 
S7 
209.6 L1 270.7 
314.4 L2 317.4 
243.3 L3 307.2 
257.4 L4 340.8 
277.7 L5 368 
368.0 L6 236.7 
331.2 L7 353.6 
n=7 
R= 285.9 (p<0.005) 
SD 54 
SEM = 20.4 
L8 
L9 
L10 
L11 
n= 11 
g= 330.61 
SD = 47.1 
SEM = 14.2 
356 
377.8 
315.2 
393.4 
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Table 9 Resting Metabolic Rate - Oxygen Consumption 
(VOL., ml/kg/h 
Small eaters Large eaters 
Si 226.59 L1 266.26 
S2 303.42 L2 268.98 
S3 251.86 L3 287.55 
S4 262.78 L4 285.58 
S5 301.3 L5 328.7 
S6 355.5 L6 246.1 
S7 274.4 L7 280 
LB 311.8 
L9 266 
L10 296 
L11 318 
=7n= 11 
>Z = 282.2 2= 286.8 
SD = 42 SD = 25 
SEM = 15.8 SEM = 7.54 
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Table 10 Respiratory Quotient (R. Q. ) 
(Resting) 
Small eaters Large eaters 
51 0.759 L1 0.7905 
52 0.776 L2 0.893 
S3 0.767 L3 0.836 
54 0.935 L4 0.905 
S5 0.792 L5 0.848 
S6 0.7823 L6 0.864 
S7 0.7578 L7 0.7910 
L8 0.8050 
L9 0.755 
L10 0.7785 
L11 0.8108 
=7= 11 
>=0.7955 g=0.8251 
SD = 0.06270 SD = 0.04817 
SEM = 0.023 SEM = 0.0145 
(N. S. ) 
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Table 11 Metabolic mixture in large and small eaters 
Carbohydrate (g/hr) at rest 
Subjects Small eaters Subjects Large eaters 
Si 2.03 L1 4.03 
S2 4.24 L2 13.2 
S3 
S4 
S5 
S6 
S7 
2.62 
13.22 
4.98 
5.88 
3.22 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 
L11 
8.82 
14.71 
11.69 
7.39 
5.55 
7.36 
3.08 
4.29 
8.69 
n=7n= 11 
X=5.17 (N. S. ) X=8.07 
SD = 3.79 SD = 3.84 
SEM = 1.43 (p<0.1) SEM = 1.16 
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Table 12 Metabolic mixture in large and small eaters 
Fat (g/hr) at rest 
Subjects Small eaters Subjects Large eaters 
Si 4.37 L1 4.89 
S2 6.31 L2 2.19 
53 5.09 L3 3.72 
S4 1.17 L4 1.74 
S5 5.23 L5 4.3 
S6 7.34 L6 1.88 
S7 7.12 L7 6.25 
L8 6.06 
L9 8.22 
L10 6.06 
Lll 6.32 
n7n= 11 
>Z = 5.23 (N. S. ) X=4.69 
SD 2.09 SD = 2.12 
SEM = 0.78 SEM = 0.64 
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Table 13 Metabolic mixture in large and small eaters 
Protein (g/hr) 
Subjects Small eaters Subjects Large eaters 
Si 0.30 L1 0.53 
S2 0.46 
53 0.36 
S4 0.36 
S5 0.30 
S6 0.40 
S7 0.39 
n=7 
X=0.367 (p<0.01) 
SD = 0.056 
SEM = 0.021 
L2 
L3 
L4 
LS 
L6 
L7 
L8 
L9 
L10 
L11 
0.62 
0.606 
0.798 
0.618 
0.73 
0.66 
0.50 
0.59 
0.52 
0.606 
n= 11 
R=0.616 
SD = 0.088 
SEM = 0.026 
(N. S. ) 
182 
Table 14 Exercise Metabolic Rate Oxygen Consumption (ml/min) 
Subjects Small eaters Subjects Large eaters 
Si 
S2 
53 
S4 
S5 
S6 
S7 
1268.4 
1367 
1100.3 
1130 
1255.2 
1337 
1314 
L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 
L11 
1195.3 
1211.4 
1309 
1265.4 
1303 
1088.6 
1381 
1305.5 
1403 
1166.4 
1330.6 
n=7n= 11 
X= 1253.1 (p<0.005) X= 1269 
SD = 102.0 SD = 94.5 
SEM = 38.5 SEM = 28.45 
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Table 15 Exercise Metabolic Rate 
Oxygen Consumption (V02/kg. /hr) 
Subjects Small eaters Subjects Large eaters 
Si 1371.2 L1 1175.7 
52 1319.2 L2 1026.6 
S3 1139 L3 1225.2 
S4 1153.6 L4 1060.4 
55 1361.8 L5 1164 
S6 1291.6 L6 1131.9 
S7 1088.8 L7 1085.4 
L8 1143.5 
L9 988 
L10 1095 
L11 1075.6 
n=7n= 11 
9= 1246.4 (p<0.005) SZ = 1106.48 
SD = 116 SD = 69.48 
SEM = 43.8 SEM = 20.9 
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Table 16 Exercise Respiratory Quotient (R. Q. ) 
Subjects Small eaters Subjects Large eaters 
Si 0.924 
0.824 
0.902 
0.954 
0.902 
0.8182 
0.8012 
L1 0.787 
0.024 
0.879 
0.988 
0.8901 
0.927 
0.800 
0.811 
0.7846 
0.8034 
0.8266 
S2 
S3 
54 
S5 
56 
S7 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 
L11 
n=7n= 11 
>Z = 0.8750 (N. S. ) 5Z = 0.8483 
SD = 0.05968 SD = 0.0558 
SEM = 0.022 SEM = 0.0168 
(N. S. ) 
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Table 17 Metabolic mixture in large and small eaters 
Carbohydrate (g/hr) during exercise 
Subjects Small eaters Subjects Large eaters 
Si 
52 
S3 
S4 
55 
S6 
S7 
68.88 
38.7 
52.60 
68.75 
52.60 
35.97 
29.82 
L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 
L11 
21.02 
63.88 
54.8 
58.6 
57.91 
56.95 
30.54 
32.51 
25.67 
26.74 
38.05 
n=7n= 11 
2= 49.62 (N. S. ) 2= 42.4 
SD = 15.56 SD = 16.03 
SEM = 5.88 SEM = 4.83 
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Table 18 Metabolic mixture in large and small eaters 
Fat (g/hr) during exercise 
Subjects Small eaters Subjects Large eaters 
S1 
S2 
S3 
S4 
55 
S6 
S7 
8.63 Ll 25.4 
23.47 L2 7.99 
10.16 L3 17.06 
4.12 L4 11.23 
12.0 L5 13.27 
24.04 L6 6.81 
25.68 L7 26.57 
LB 24.03 
L9 29.48 
L10 22.24 
L11 23.94 
n=7n= 11 
2= 15.44 (N. S. ) X= 18.9 
SD = 8.73 SD = 7.96 
SEM = 3.3 SEM = 2.40 
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Table 19 Urinary nitrogen (g/min) In large and small eaters 
Lean large eaters Lean small eaters 
Subjects Nitrogen (g/min) Subjects Nitrogen (g/min) 
L1 8.91 x 10-3 
L2 0.0104 
L3 0.0101 
L4 0.0133 
L5 0.0103 
L6 0.0122 
L7 0.011 
L8 8.38 x 10-3 
L9 9.85 x 10-3 
L10 8.73 x 10-3 
L 11 0.0101 
Si 5x 10-3 
S2 7.6 x 10"3 
S3 5.99 x 10-3 
S4 5.95 x 10-3 
S5 5.06 x 10-3 
S6 6.74 x 10-3 
S7 6.58 x 10-3 
58 
188 
APPENDIX H 
Details of the results of experiments in Chapter Three. 
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Table 27 Resting metabolic rate (fasting) - (VO2 ml/min) 
in large and small eaters 
Subject Subject 
Initials Small Eaters Initials Large Eaters 
Ja 231.5 Sah 195.6 
Jo 151.1 To 228.4 
Ro 201.9 Ga 212.9 
Mi 291.9 
Sam 165.4 
n =3 n=5 
g= 194.81 218.61 
SD = 40.6 46.7 
SEM= 23.4 20.8 
Unpaired t-test - N. S. 
Table 28 Resting metabolic rate (fasting) - (V02 kg body weight/hr) 
in lean and large and small eaters 
Subject Subject 
Initials Small Eaters Initials Large Eaters 
Ja 233.6 Sah 16.5 
Jo 163.6 To 206.8 
Ro 136.9 Ga 195.9 
mi 246.2 
Sam 164.8 
n =3 
X= 178.03 
SD = 49.9 
SEM= 28.83 
n=5 
195.74 
33.8 
15.11 
Unpaired t-test - N. S. 
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Table 29 Mean postprandial oxygen consumption - oxygen 
(ml/min) in lean large and small eaters 
in large and small eaters 
Subject Subject 
Initials Small Eaters Initials Large Eaters 
Ja 311.22 Sah 257.7 
Jo 233.5 To 287.7 
Ro 289.6 Ga 294.7 
Mi 367.8 
Sam 263.7 
n=3 n=5 
>Z = 278.10 314.32 
SD = 40.11 45.81 
SEM = 23.16 20.49 
Unpaired t-test - N. S. 
Table 30 Mean postprandial oxygen consumption - oxygen 
(ml/kg body weight/hr) in lean large small eaters 
Subject Subject 
Initials Small Eaters Initials Large Eaters 
Ja 314 Sah 30179 
Jo 252.8 To 260.5 
Ro 267.3 Ga 271.1 
Mi 311.2 
Sam 262.8 
n=3 
X= 278.0 
SD = 31.9 
SEM = 18.46 
n=5 
381.48 
23.41 
10.47 
Unpaired t-test - N. S. 
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Table 31 Peak response - oxygen consumption - (ml/min) in 
lean large and small eaters 
Subject Subject 
Initials Small Eaters Initials Large Eaters 
Ja 324.85 Sah 327.2 
Jo 254.5 To 316.4 
Ro 318.9 Ga 318.0 
Mi 328.7 
Sam 285.7 
n=3n=5 
gZ = 299.40 . 
335.00 
SD = 39.01 41.00 
SEM = 22.52 18.33 
Unpaired t-test - N. S. 
Table 32 Peak response - oxygen consumption (ml/kg body weight/hr) 
in lean large and small eaters 
Subject Subject 
Initials Small Eaters Initials Large Eaters 
a 327.8 Sah 
Jo 275.6 To 286.5 
Ro 294.3 Mi 323.8 
Sam 284.7 
n =3 
X= 299.23 
SD = 26.44 
SEM = 15.26 
n=5 
300.32 
17.55 
7.85 
Unpaired t-test - N. S. 
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Table 35 Heart rate and oxygen consumption at rest and during exercise 
in four lean small eater(s) and six lean large eaters (L) 
Heart Rate Oxygen Consumption 
(beats/min) (V02 ml/min) 
Si 
Rest 87 264 
Exercise (} kg) 160 648.6 
Exercise (1 kg) -- 
Exercise (2 kg) -- 
52 
Rest 81.7 270.8 
Exercise (} kg) 99.3 614.8 
Exercise (1 kg) 116.9 10.61 
Exercise (2 kg) 152 1762.3 
S3 
Rest 71.2 187.5 
Exercise ( kg) 97.8 614.8 
Exercise (1 kg) -- 
Exercise (2 kg) -- 
54 
Rest 85.3 328.8 
Exercise ( kg) 95.7 683.2 
Exercise (1 kg) 110 1196.8 
Exercise (2 kg) 140.7 1961.6 
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Table 35 continued/. 
Heart Rate Oxygen Consumption 
(beats/min) (V02 ml/min) 
L1 
Rest 66.3 376.6 
Exercise ( kg) 89.4 899.6 
Exercise (1 kg) 89.4 1092.7 
Exercise (2 kg) 124.4 1710.7 
L2 
Rest 98.4 342.1 
Exercise ( kg) 104.0 686.6 
Exercise (1 kg) 106.8 1053.5 
Exercise (2 kg) 126.7 1719 
L3 
Rest 79 304.8 
Exercise Q kg) 98 667 
Exercise (1 kg) 109 1095 
Exercise (2 kg) 131 1719.8 
L4 
Rest 96.9 433 
Exercise ( kg) 95.9 868.3 
Exercise (1 kg) 107 1190.3 
Exercise (2 kg) 126.6 1966.7 
L5 
Rest 69.6 
Exercise ( kg) 80.6 
Exercise (1 kg) 103 
Exercise (2 kg) 128 
L6 
Rest 84.7 
Exercise ( kg) 94.1 
Exercise (1 kg) 107.4 
Exercise (2 kg) 1214 
327 
651.5 
996.5 
1540.5 
225,8 
643.6 
1042.2 
1588.5 
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APPENDIX I 
Details of the results of experiments in Chapter Four. 
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Table 44 Average RMR (02 ml/kg body weight/hr) in 
`' nine obese women using a VLCD to diet 
Week 0 Week 1 Week 2 Week 3 Week 4 
RMR 171+22 169.5+13.6 144.5+29 147+26 87.6+35 
Table 45 Average RMR (02 ml/kg body weight/hr 
in six obese diabetic women using a VLCD to diet 
Week 1 Week 2 Week 3 Week 4 Week 5 
ý 
RMR 158.3 + 33 140.9 + 30 129.1+47 132.40 151.6 + 28 
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